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A High Intensity (}$umm l^diation f:unr«y lifter
W
ZJ.<mt«ii«nt CmumaA^T jr«roi8« H«iiry King, ^r»» t;«S« Hairy
Sttbmittsd for tho d«ero« of Maater of Soi&noe in %hm
DapartiMnt of H^aios o& Hay IS, 195X
Tha foaaibiXity of attsok by atomio wampona liaa oraatad
a widaapraad naad for a rtaggady porta bXa gaeuaa aurray oatar
raadlng from 0*025 to 500 roantgena j^^r hour* Suoh an Inatru*
Aant ahouXd ba ^IghXy raXiabXa, with long ahaXf and oparating
Ufa* Two poaaibXa baaaa for auoh an inatrucMsnt have baan
invastigcitad*
A ayatam ualng no battarlaa or other powar«*attppXyt in
whieh a phosphor ia riawad by e photo^TOltaie eaXX of tha
berrler^Xayar typa ia ahown to ba too inaanaitira with pra-
aantXy ayaiXebXe ooaponants to give ii^ater lodioationa in tha
radiation raaga of intaraat*
Viaual obaasnmtion of tha Xuainaaoant raapoasa of a Zn»
(M8 phosphor ia ahown to par&it dataotion of gajna radiation
at Xaaa than 0*020 r/hr and aaaauraaant at Xaaa than 0*4 r/hr*
fh9 appar Xiait haa not been azpXorad but ia ahovm to ba a bora
100 r/hr* Tiaro mater daaigna baaed on TlauaX ooopuriaon of
tha brightneaa of a dateotor phoaphor with thi^t of a atandard
light souroa hbve been developed* Oae of thaaa raquiraa no
power auppXy, the attxndard Xight aouroe being a phoaphor diaa
azoited by a long-lived beta emitter, teata of whiah are daa«
oribed* The adYantage in reXiebiXity of the device over en
trail <^'ilX tW»H Mio?»X vilMUMMoO l)Baa»^ti»U
«i#«A x^Y^uvt MMMs •IdajTioq «i>ofi3£}i a vol 6*«a ft«*7<xft*6iw •
f0Lli!'M%9qo bam IXftxt* aooX dllw ^bI^bIXm^ xld^lti Ml bii^oda tiiMi
^••d •Vfld #aMifit#«flX a« d»ii« wl •#a«d •Xdiaso^ «i^ ••IIX
•if# lo XX#o ol«;fXov«of«itq[ le Td tmf^lv el aoUqaoil^ a dftJUIv
»0VI diiv myl3lBi»Bal oq$ ad < >ix;r ii»\AXi»Jt«i[ad
Ad^ Hi Aoolcrsol&nl valsa •riji ol it^aano^pwo •XdaXlar* x^^tmm
HIS M to •ttuo%s9it «^a»u««fiiiavi. mxi l£o nuxjiiv-xasdo Xxujsiv
aoX^«l&«a Mmm^ t« ae23'0»jr»ft tflJM«q o4 mrnOM •! 'sodqto^ BftO
•!rtl\T 4«0 nii/f^ 1&89I {Tf; tffisnaTuftSdrQ bJiJ» 'is'Ai OSO.O n&d^ casX #a
to floaltAiq/Bioo luumlr «o ft««jid aixaJtaafr t»^*ii o«T .itxtNiK OOX
•«lo ^di a aaJli»d ^%MQU i«ie eiij t^a'QIf* ^•«(Kll
«-«at ft' i-'^ to «;faa^ ,i»111a» a^ad tfivfl-ftnol s t^ belloxa
He 16VG dt»ivaA ad*^ to x^XllCaXl^'i ui «a^^aaYd« atfl^ mbBfiliQ
^Y^^M
- 11 •
•isotxonle olroult is •Yid«iit«
Ii#ft«a7«&«nta of tolghtri«ii5 oomp&^rlsoik &t 0*8 r/lir showed
•taodard deviation* of 1Z% f&r aeoh of two obsarrara with 7^
dlffaranoa la tha eaaaa of thalr raadloga. l^rlc adaptation
of tha ot^aarvar. Teat a parlod varying lavaraaly with radia*
tlcm intan&lty* la raquirad balow about 1$ r/hr«
Mathoda ara daaorlbad for prap&rtng phosphor aoraana
of any daalrad thioicaaaa by binding tha phoaphor powdar In
tranapareJit plaatloa* In laoita« tha graetaat light yield
2
ttAdar ga«aa axoltatloa whb obtalnad at I«0 0a/9m of Za^OdSt
with an optloxiA phosphor to plaatio walftht ratio of 2,6sX»
V^'lth polyatyraaa» tha llf^ht yiald of a elvan walgtit of phoa-*
phor la tha optlstua phosphor^plaatlo ratio la shown to ba
JQt hlghar thtia that of tha sa«a thlolouisa of pheaphor aleaa,
a rasult of the ralatiraly high Indaz of rafraotlon of tha
polyatyrana* Tha light ylald aa a fuaotion of thloicnasa of
ZB»GdS and 2;a2^^\ powdar undar gsuMW and bata axoltatloa»
iind of various phosphor«plaatlo Alxtorae undar gasMi MB*
altatlon ara ^own* For thaaa AgaauraBanta a prooadura naa
dariaad to oallbrata tha raapoaaa of a photoiBaltlpliar to
tha brightnasa of a luAlnaaoiag piMgybor In ualta of foot«>
XaAbarta«
• 11 -
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Of •«« ••••••,«•«««••• 4««fr
The posslbiXltjr ot tho u«« of atomlo «r«apons against
denealy po|mX«t«<l er«ft« as ivaXX us &trlotIjr military tergets
has araatad a naad for tha i»lda-a|»raad diatrihutioa or radia*
tloa doaaga rata nmiitorlim aM aorva/ inatrueiaiita for uaa by
radiolofrioal dafaaaa taannst and by individoaX paraoaa» both
oivlXlan and t^iXitary* Until vary raoantXy suoh inatrui&anta
hara baan daalgnad prioarlXy for osa by trainad par^onnal un*
dar oondltlona aaoh that paraonnaX hazards dua to ralXvire of
aa lastroiftant oouXd ba alalialBad by oarafuX handXlne and smXoi^
tanaaaa* atid by tha provision of i^va than ona Aonltor if
naoassary* Lou ooat and aiapXlolty of oparation bava not
Wan aaaantiaX faotora In tha daalgn of suoh inatruaaats asd^
whathar porta bXa or Xaboratory typaa» thay hava in ganaraX
baan oharsotarisad by high sanaitlvity and tha praolaion ra-
qttirad for rasaerch purpoasa*
In thia oh&iptar wa oonsidar briefly tha conditions un»
dar which individual paraons and radioloBioal dafanaa taaas
flight raquiro instrtamants for naasurlng redietioni axaolna
ourrant civil dafensa spaci floations for such inatroiftents,
and £santlon tha ourrantly evailebXa instrumanta that might
fall within tha scope of thasa apaclfications*
"''
mT?:^' ^Kz-ar- -t (HSU
9^Nl)ia9%» '4-9.vW^l^.i<> \Xi9iJi%!f% «^ X^ . -.'tj»i!kU.UV'^iN4 %;i.lPCU^«l4if
«
lamtmrn^ ai •ad x»d* t«»^* xinSsatadRt »o •Irfal'soq isif^sifltr
-Off tllOl^XlMK»l» atftf xt^-^^f'cd imhlnrf . „. ... tI.-? rfT
» a «.
1,1> Haaii^tloo aney ..totals Mrn^m Att^gjs^
At tM« writing 9 %hm s&9m% UMtt^Xi IX iii>t %M ouX^
mTAlXable, amuros of a&oXasftlfl^d lafoxwitlo& tm the 7ft41a-»
tlon to bo oxi>det«4 oftor mi otomlo vdopen ott^HLak la a i^b*
I
Iloati(»i, **11Da ftrroota of Atoaia waapo&ai** (XJl) wlileh ra»
fl60ta thtii axparlanoe obtainad hf tha tinltad Stataa with tha
ajeparimontdX a&d «i&3rtliM Sttolaar axpXoaloaa up to tha baglaf»
aieie of X950* wa a«w»arlsa aoma of tha partinaot aiMWMata
aontaln^d tharain, qaotli^, Araaly to avoid amblgaitlaa*
AtoGiio wanpona fell into two otitagoriaa* axploaliraa
and tha apraad of radioaetlra contamioanta (tha lattar la
kaoim aa r&dloloj^io&l werfara)*
Tha affaata of axploelo»a vary dapandljog (m tha rad-
iation of tha burst to tha isurfaoa of the grouud or watart
and thla diaousaion la aub^dividad aecordlne^* ^ha flguraa
qiiotad balow apply to a *aottlnal** atoaie boab» aqulvalant to
20,000 to:ia of TSTt &nd wa oonflua oon^idar&ition to tha T9'»
aldual radlti^tion raaultin^ froc tha waap<m« axoluding tha
initial burst of elactro«ARi||Zietio and partiola radiation whioh
la aubstantially oonplstad within one siinuta after tha ax-
ploaicm* In ganaral it aan ba aaid of tha rasidual radiation
that tha paraonnal hasarda ariaa prloariljr froA gaMMi rajra»
and aaaondarily from bata<»ra|ra9 tha othar forsui of radiation
!• Hafaranoaa ara liatad in Appandix a2«
• &
•*diiq A ul ^OBSSn fio^sKw oXno#« om fi%» A«#o»qx» eiS q9 mk$
se'X^a^l . . ,:^£i^:^i&Q9a ^QejLvj^^««JU« ^x >^jl^ ^iA^i itss^




itoiMw amlSBlhmx •Xoi^«q dan oi«»iift4»-oi lo ^i;ij;« i%l^Xai
-3MI erf* f^.t*^ 4 BSmiim mac al#t-t® a^ ^rr',;^tr:^«,:t.H4ll« •!
«• 3 •
b«la« pr0B%nt In &«eXl€ibX« Aoounts la oorap^risofu Th«
•nmrey ot the r««lAti&X r&diatloii Is not dlaouasoa la detail
In %hm 3^9tmfQ»9 but tli« ay«r&e« «a»re7 la sftld to be 0*7
im) Righ 6lr burst (a)M<r« 500 fsst}t
***«•• If an atoolo boi&b is dstonatod at s
hi^ alt It tide > so as to oausa tmximm. blast
daaiags In a elt/« tUs h&sard due to radlo^
sstlTlty cm the ground after tha •2;pXosloii
Is smll." (p, 269) •
(b) Law air burst (baXow 500 fast))
Ap9irc»i«ats radiation dosaga ratas wars aaasurad
on tha ground one hour aftor tha first nuolaar
axploaion at Alansigordo in 1945* wlwra tha burst
ooourrad at a height of 100 feat* The dosags
rata was 8,000 roantgaas par hour at ground
saro (tha point dlraotl/ under tha burst )» and
fall off rapidly with (htnrlzontal) distanoa
froft ground zero, to 10 r/hr at I500 feat and
to 0.3 r/hr, at 3000 feat. (p. 2?0)«
"••••after an air buret at low altitude an
area, saall oooparad with the ciaiaage area
das to the boiab, near the explosion oenter
would be uninhabitable besauaa of the radia-
tion hasard^»«^It would probably be 6 hours
or aiore before it would be safe to walk
aoross the area»»,«** (p« 270 )•
In addition to the realdual rediatlon on tha
ground under the burst, separate oonsidaretlon
Is glTsn, in the seas of low bursts, to **fall-
out,** that Is, pertiolas of dust Oiirrlad upward
• c •
ll00^k Al J>#«t4iMi^ 4^a ml TtelfnliiiST Isnbi^o's tuts *t« xa«M*
•^l&fi'i d^ dir:i &iA«tt4 9^Aif •Vlt» f
M/M«0 Aal^siAO a oi^htaq ,el ;? ,; c
• 4 -
by tti« hot eir oiurreat aroimd th« burst whloh
X«t«r f&Xl to earth «l9«where ocrrylz^ radio*
aetlTlty. It is •tatad tliAt»
('The falX'-oat la tha oaaa of a Xow elr burst
aieht ba a& l&oonTanlaiioa but it would not,
in ganaral* rapraaaat a raal dan^sr* It
would probabljr raraljr ba anough to prairant
paasaga aoaroaa an araat although it oight
naoassitata auapanaion of oparationa for a
fair days within the araa*** (p« 274}*
(0} surfaoa IscpXoaioa:
"It is raasonabX/ oartain that tha oontaiai-
nation dua to nautron«induoad aativity in
tha irioinit/ of tha axpXoaion would bm r&ry
hiGh«««.airbor!ia aativity, whioh aouXd pro*
duoa a sigxiifioant faXX-out» might ooaati-
tuta a aarioua hazard in araas diraotX/
downwind at aooa diatsinaa fro& tha axpXoaion*"
(pp. 274. 275).
(d) Undarwatar Burat:
**0f t^ia typaa of atonio ascpXoaion tha undar*
watar taat at Bikini produced by far tha
graataat dagraa of radioaotiva oontaaination...
Tha axtant and dagraa of ooataaination wlXl
probably rary aarkadXy with tha conditions
»
auoh aa..*. dapth of tha burst. oateoroXogioaX
aonditions.... and topography." (pp. 276<»277).
Of tha total radiation dosaga at a givan dis*
tanoa frosi surfaoa aaro. about 9C^ any ba ax**
paatad within ?0 minutaa of tha explosion. In-
tegrated dosage eontoora. based on the Bikini
underwater burst, where a 5 ia.p.h« wind was
blowing. pXaoe the XOO roentgen (totaX dose)
oontour '^•3 AiXes downwind froci the burst, end
the 400 r oontour 2,2 miles from the burst. In
4 •
mMmi(lmw$:m00 9mm%» tmmm% %U &9ti tiS^^
«#Ofi Miiaw ^Jt ^imT •mwlamrem^eU am m4 id^lm
^I mtmmamb Imm^ m 9mmmmmmM %immma ak
$amrm%si mi jf^ooii* m4 \i»%at xt^a^oi^ Hilt/om
iM»tm H litpMiXfi «Aex« jus •Mi^E#ft m%jmmm
m «•! M»l#««»«i lo moitavui&itm ^imilmmmmmm
•U^^ •^i ^•mm%m •Ai aIA^Js^ 9txm(^ w»t
ifmXttmlqMM, •omtme (e)
•Ottn^iioe »iijr iAM ti - ' I**
«1 x^ivl^ew bmouL r
«<i«i 6XtfO« Politer t%Siyl&ma •«n6
tX^o»ii5 «ii»!ia al Mftsail 9diolzm% b miv9
.(?t»S ,itS .qq)
i^f&'W^ z^^amimbali it)
t • •oolliialaui^aoo •lloaolsoi to »oi3dl> ^Nio^o^va
XJUw molimalmmimm to tm^ftifr Ma tMtmSxm Oi^T
««mtJl&aoo oH^ d^lw x^i»>aCt«i ^i«T tl^Mdcxq
JC«oia»yt^'^<^ -^^^ «l««tNf vitl to ^UM^ •••««• Amtu
• (7VS->^ <* tXtlfia^aociocr baa «*..iii3oiil&£ioo
*«16 Ii#vl8 )3 ^'^ «4-,rtx,nh aol^olJ^oic l»ioi •!!# to
•X# Olf HM JIW ^UQC^st ^0%»m OO^tliTtt «o^ (MJUI^
lolaUS "^ bm%&d t«iu;NB^tfOo »3»»o5 !Mi#^t||o^
fdim^ lA ad.} «»oaXq ^^alwoXd
fix •;rc'ALFCi A*£ ^uio;rao« 1E 004 a^i^f
• 5 •
othMT dirsotioam thus* eoAtoi^t w«r« oorr«tf*
poMiagljr «Ioii6r to ftaxru0# &«ro*
Approxijaat* dofta^t rat** aa« hour &ft«r th«
burst, <l9w»iiiid» iwrt 50 r/lir at Z mll<iji» 10
r/lur «it 3 iail«a i»ad at 5 alias tine radiatlott
«•• aagllgibla* A diffaraot wind Talooity or
a ahirt in ttio mlnA ahortlj aftar tha axploaion
oould of eoaraa altar %h% raaulta eonaidarabl/*
(a) Badiologloal warfarat
"Qa tba wiiola It oajr ba aonoladad tbat it
radleloeioal warfara i« uaad aa a %i«apeft,
it will ba in tha form of aiaittara of paiia-
tratlDg gaana radiation for whioh proteotira
alothiag and gaa at&aka would ba lxiaffaotiva»««
8(»»aTar» it would appaar to ba o difficult
aattar to lay down suoh a oonoantration of
(Utamm aiaittara ovar a larga araa aa would
••«•• aarioua injury froa a abort axpoaura«*^p.288)
1>2> Monitorin#r. Kguipwant for margauoy v:aricarg«
Wbila tba foragoiag •onaanta aataoliab tha almoat aalf*
avidant faat that an atoaio attaok on a oity would rasuit in
radioaotlTa oontai&inatlon affaotlng a larga nuabar of paopla»
tbay do not readily laad to tha partloular linita of aanal-
tlTity and other apeoiflo&tiona for an inatru£3ant intandod
for aAarganey uaa*
For guldanoa in theaa zaattara wa turn to a raoant pub*
llaatlon of the Fadaral Civil Dafanaa Adainiatratlon {F2) vnhioh
•ata forth apaolfloat ions for radiologioal aonitoriag inatru-
Aaata for uaa in general oivil dafanaa opar«tiona« Theaa
•paaifioationa ware ooapilad by a oosodttaat inoluding rapra*
mt'i^Jti> ^. "^^ ' ,....!« f j.^ xji\n
11 HtuiS Jbi^lJ. ^.ico »^ i(iKt ^i •Xodiv ftd;^ oO"
««t«;<^ ,tii»e»i • Q# ffop^ »«r %'x6^.^isii •fe»ilt at aacaftXffs ifl<f
* 6 <»
a«at«itlir«A tr<m all lAtor«at«<& Governsiexit ag#iiol««» whloli
''••••^•terDda^d thet two typ«» of f&<iioIo£ioaX moni->
torlng Instiruflwats ar« r«iulr6di for gMHM rajr tU*
t«dtloiit
(1) A liigh»i&t«zi9ltjr la«truarient for ar#« durrty
op«retloii ifiUMi4i&t«ljr rolloviag ao atoolo
attaok« T&9S0 inatmmants oiuit bAT« an up*
par raoge of $00 roentsaas par hour.
(2) A low-lntaaaitjr lAatrtt&ant for apaoiaX lozig*
raaga aarray work in tho waaks foXXowlxig an
attaak,»*«* Tha raa^a of thaaa Inatruaanta
naad not axoaad 500 nlXXiroantsena par hour.
'*1^a ooflualttaa haa dataraiaed that whlla eartain In-
atrunaata now aTaiXatoXa nouXd ha auitabXa for tha
Xow^lntanalty redi&tloa aaeaiuraoumt in tha vaaka
foXXowlng a dlaaater* no Inatruaant auitabXa for
eiTiX*daf«naa high-Intenaity aurray work haa yat
baaA davaXopad*"*
2
Tha Xow^intanaity Inatruaant eurrantly raaosMaiuiad
by tha FadaraX CXtIX Paftnsa Admlnlatratloa la an ionisatioa^
•liambar typat porta bla» battary-powarcd davioa haviag fiva
raagaa of fuXX^so^Is raadlnea 5f 50 « 500 » 5000 and 50 »000
nlXXiroantgana par hour, detaotlag g%mm radiation of energy
80 KaT up to X«5 ^9^» Speaified praoislon la j^ t5% (of tha
4/5 fttXl aoitXe readixig)* It staata ttiXltary raquiramsnta
for ru£g«dnaaat raaiataaaa to tai^paratura* humidity and praa*
aura ohangaa* Bbttery life proridaa XOOO houra of oontinuoua
9j^aration %nd a ahalf-Xlfa of about X y^mie at 70^7*
In tha abaenoa of auitebXa hli?h->intan3lty inatrumanta
for olviX dafaaaa porpoaaa, the eoj!iislttefi drew **Tantativa
2» T'/pfl /r'/TT^H-T-l, sBanufaoturad by TracerXab, Ino. end
Kalley-Koett Ufg. Co,
A 1^ ^
•2(A«ir ttdS at $s«im'Zitu»erf^ f?S#5l'B3i i:^lBa#^i«i«ol
vat •Xda^loa ^eiout^/ soslB s SGlwoIXol
HscUmaLiaol aa oX ii^ ^«/nXadA ©tar XviO X«i»ftAV aiU fi
•vXl saXtj^ aoXvoA fta^cmc ^
-jr *t-r? Br?!?.v+^ocr
,#^x.t fAtf««if»
000,0c fta« aOCI ,00e tO<; »< ->c>l te ftejiirtf*
1Eir»KiA lo flcXc^alftitt Aj«iAs
'^a;f!H»o^XXXX«
Mi^ lo) ^?X * tt fli«lsl«j(9T? ftent^ ^7©*i 5.x 0^ ^ t»21 08
«4>ii»i:»»iii*f»Aii txfi^xxi ^-t CM •taaiftAd^ AXi»M i^tX4
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^pt«ifioatioti« for » OivlX ]D«reii0« Hl^-*Intonsity Hadliitloii
mrfej Meter,** published by tM fodorel Civil D«f«zis« Adfld&l«
•tretloa iB tiM •mam ifpott (?2)« Tb« apeolfieatloas "•stftb*»
lii^ perforfittJei<»# r«<|ulr«m<ints for & «Ball, lightw«isMt, ragged
field instruaent for aeeeurliis gftmnet radiation which mmf re-
emit froffi ato£de di«i8ter* The laetruiieiit will be ueed by
relatively inejcperleneed personnel end should provide ease of
operetioni oexiisaim operating life and require e ftini&ma of
lieinten&aoe**' These speeifiecitions, then* provide the best
eurrentiy eveileble guide to the eh&raoteristios of en in*
struAsnt for emergency use end they will be l^iefly outlined*
The devise sey be oesed on ^ny praotloeble detection
principle end aust respond to ganae redi&tlon of 0*06 to
1*5 Mev energy, over the renge 0*025 to 500 roentgens pw
hour, reeling correctly within *, 30^ ot 5» 50, and 500 r/hr»
An integral oellbretlon device is to be provided to check per-
formance at one scale reading* Battery life is to provide
25 hours of continuous operation, and overall life except
batteries must be at least 500 hours at 500 r/hr» There are
in addition strict requirenents to cover various operating
conditions, as temperature, husddity, corrosion, locaerslon
end vibretion effects* The Instrument Is to be portable,
heviag a weight of less than five pounds and a voluae of
less than 100 cubic inches* Various re^'uireffients on circuit
stebllity, internal construction and ezternul features are
also specified*
. ? •
A^IHPf^ o^iljftlow^^ilAiX ,XXjme« fe4xt«ia«> i <i«oafl«olt#q itelX
,«d|t j^ flol4w (tot/ i ««»«ka ^itu«iMM8 nDl SamufUmal 5X»11
to J otIX anXjTS'siiq;^ iBiMl3uui «iioli»«Mi«
(o'^AXa 005 6fl« «^t: «<; *^< *,^^ ^ ain^iw ^j.^obtioo a^Xi>4*oi t-xA^oju
««aq alodxio of b9blvoiq 0d o^ 0I •olv9A aoliividli!«o Idtatf^W^
j^edxa «iii XX£X4»vo oiia t^ox^^saaiio 3i/ai;flx^xio& lo aiisoji ^S
i.-.'£:i^'J"xc->,; *rf o^ ii foBmmSanl ariT .a^o^lta aoliMidlr tea
1 lOV «J Sen 86^^**"^ ?^^11t .Tf^--":? Fset to i-rl^tsts 8 anlVAlf
#«« aa^xu^Mt XoarcojTxa tea a»iS9u*U%m>o lAax94sii «vXXXda^«
^ $ ^
B«oiiuse of the r^XcitlTely reoexit publioatlon of tii«ft«
•p«olfloatl02iB» it id doubtful tlmt any ourrontljr erallfibltt
radietion meter has heea dtalenad apeoifioiilXy to jaft«t than*
Two davioaa whoaa sanaitlvity ran^a laa/ poaaibl/ ba aactaa&ad
to maat tha abova apaoifioationa ha^a baooma available la ra*
oa&t montba aBd will be daaerlbad briefly*
LaYine aad DiOiovanai (X^) bava daaoribad a o(M|paat
band-held inatruttent dataetiae gaeuaa raya hf a Oaigar-MuXlar
tuba ualog 700 volts provided by a novel vibration oirouit
operating froai two aaAll (Type D) dry oella* Two niOdel»
bave been dealn&ed, one covering the range 0*2 to 500 r/br»
the other about 0«02 to 5 r/hr. The unit ooat,for parta
only, or either of these ia |14*50 if 100,000 are to be aanu*
feotured. The euthora atate th^^t siodifioationa oan be caede
to aaet the above apeoifioationa*
Another reoent Inatrumantt the ^Pocket Hadlae** (Tl)
la an ioni£&tion ohamber type reading to 25 r/hr on a
logarithmio aoale, with stated aooureoy of ^ 2^% at any
reading. The inatrui&ent responda to gaaaa raya of greater
than 0«1 !iev energy and to bets-raya of over 1*0 Mev. Op*
erating life ia 85 hours, from two heari&g«-aid type batteriea*
A oodal readi?ig up to 500 r/hr ia in preparation* The pre*
asnt Bodel ia about the aise of a man'a hand* Coat ia #49*50
In anall quantity*
Thaaa davioea are believed to be the leading represMita-
• f5 «»'
,,j*.. ,-w 'v.i^.; -(>. i^^, <
•••nF xo iSblTJiwA j.w, 'OCX i^i'V J voj.aa i>^w iQ 4^ttifa4>08
ViXXx/M-i^alvO • xd 8t«« attB«a 80llo«^£»t :rnamf^;fMi M^d-ftflsri
•MMA 94 ,vvy,u^x xi; 'w5;*^ijL4i; fii Si uO t&4Ji«) lo «tXiiO
•bam 9d aao mmU&onibcm ^Bti4 aiafa a-i •bofi/^on
Ji ixo ^Xi «;S o4 aiiliJttifi dq^J 'ZQtietaAQ aoUo&imi aa al
•qO .TtM 0,1 i©To to «tA^«>8.t»d o^ bua t? uO a«jU
0^,V<»^| aX ;fiioC , lari •aula « to «< ;ruo<;is •! X»doA Sii»
»i^l^aaiis> XX««tt at
'•m^aaa&zna% saXdm^X an^ ad (W tdT^XXa^ a%a aaalrab aaaiST
•» 9 **
tlT«8 Of the aort of iAatruaont oo&t«iBjpXet«d by thm ap«oi<»
fidationa quotad abov«* a atml^r ot othor t/paa of gaAMi-
rm/ 4«»t(iotoxB liava ^a& £^Qjatlon«d aa j^ot«iitiiilly uaaful
«ft«r an atoftio axploalon» tot maaauLrixig ti^« integrtitad
doae 7aodlv«d by an individUfiX« Tbaaa Inoluda pooicet doai«
m$%9Ts of tlia aXectroaoopa or ionization oiMu&bar t/pat pkoto-
graphio flXa iMidgaat and raoantly a ailvar^aotivatad phoa«
plkata glaaa \i^iah flaoraaoaa ondar ultra«violat lle^t in
proportion to th* total gaona radiation to wUiob. it naa baan
aubjtsotad* All of tliaaa ara quita siapla and ruggad, out
raquira auxiliary apparvtua for aithar raadijog or ra*oharging
(wiiara applioabia} or both* Tlioagh a ^saaaura of the dosaga
rata aan ba obtained witfa all of tham by tloing tha axpoaura
of tha daTioa» thair uaa for thia pfxtpoB% in the fiald ia
aubjaot to th9 prinoipal objection tltat tlia infortta^tion ao
obtained ^ppliaa to tha pastt not tha praaantt and tluit
•araful shielding la required to AMintain the uaafulnaaa of
any r<34tsrve atook of auoh davioea in tha praaenea of radla*
tion«
Wa oonoluda froa thia brief aurvey th&t in £)plta of tha
aany varietiaa of ga«BMi«ray aaaaurine inatrumenta in axiatanoe»
there raAaina an unfilled need for a wide-range gaauM radia-
tion survey isater of aispla and rugged aharaottsriatioa* It
is the purpoaa of thia paper to desariba aotta initial invest!*
gationa of two poaaible bases for auah a daTioa*
T « -r
iu ^:.r, c..-. i.''j^v<^«:-4,.^^if 'x^xiv fittos^auifXl jlOiaM aecu^^ iii^JMiqi
aBirfi Hi*i^ J. ji^^ ffdlJte2i)»% MMMft X»#o^ ftil^ o# aoi^o<i«iif
•B«l^ Aii^ to #tt;6iMtt « il]^ ^od ^0 (•X^ft^XXq.qt* •^(•iw)
AVim^iTxe 94^ salmit T<^ aarf.t In XI n ^:^tv frsfllsJrtfQ ad rmo Sitam
di. ^i.4Xl CfiJr ill ^!L^-^-*^^ a.i^^ "iO* «2^^ 'U.if^^ «&4'JV^iji d:
•• aol^£«r£Oljal tiU #»d^ £Lol;t«»^<^o Xt^sltial^q •4^ e^ StiQi6u%
»XU»l't
41 •LQl:t%i'itito»%i*u(> jA^^iTi baa aXqffti* lo i;»tfaA ^av^Ufd sMXif




Zn th« Maroh tm « prlnolpXe upon nOiioh an ixistra**
«tt«iitlon ima dlrcotod firat to tu« um o^ a ttifiy;>l« plu>to>
Toltalo oaIl» of the barrl<ur«lay«r tjp«« The oelX wi« to
view a plioapybor oryatAl •xoit«d to luaiiuiMeno* ^
rajrs car othsr eaerg«tlo rftdlatioa end tbm mmmitir^ 8urfao«
of th« o«lX would oonvttTt tli« light Into an •laotrlo ourrent,
tts«mjur«d b^ 6 nioro^sMotBt^Tm Pr«ll6ilimry oiilouletioaat re*
produottd b«Xova indio&t«4 tMt ti2« rwiTlimMi ourrdnt olytala*
ibl* would be qulttt Mttlli but n«T«rth«l«sii It soensd ad»
lftabl« to •3cporlA«nt with %hi9 prlnolpln to an aztant auf-
fioiant to datarmlna tha poaalbla aazisitivlty of auoh a da*
loa ^ida with ouzrantl^f avallabla 9mKp9im&t»m It la ap*
parant thet, abould sufflolant aanaltlvlty ba aohlayad, a
darloa of tnis natura would ba axtraeiely ai^pla» rsadlXy
aanufaot^irad, cind would imva im lnd@rinltoXy long abalf**
llfa» dlnoa no powaar auppXjr would ba raquls^d.
2.2, aoloe of ?1ioto*voa.t4.1o OaU,
aaxrlar-layar photo-Toltaio oalla now oosusax^laXXy
!• Tha uaa of a photo-volt&io call for this ;>urpo6d ^^s
first aag4Baatad to tin& «mtiior by l^ofasaor CXaric Qoocij^jii^v







orellabla are practioi^lly all of th« «<»l«nlum typs {;t^l)«
oonsisting of a thin layer of orystalliQt adlsnlua on «ti
iron \»»%t oovftrsd with a thin 8putt«y»4l sMtal •l«otrodtt»
9iil«nium is tiiought to b« « dsfsot ••cdL-oonduotor with
holAS in Its highest fillsd ensrgy benA {ZX)» In oontaot
with iron 9 of lowsr work fimotion, soi&s of the holss ars
fills4 tty sl^otrons mi^iiktine aoross ths intsrfaos from.
iron to ssld&imii, ssttia4| i^ a fisld aoross th« bounAary
ri^ion whioh foxms tha harrlar layer« In this eondition«
•laotrons axoitad by inoidant il^ht £9ay rise to tha ai&pty
aonduotion baM« In tha interior of tha saai-eonduotor
»
suoh eldotrons hava a short Iifati£;av as thay fall into
tha holes of tha highest filled ^xMtfff hands ^^^ no our*
rant will flow« In tha region of tiia h&rriar layer, how
aYer» %hm»^ holes sira filled by the eleetrons wi:iioh aie^a*
tad froA iroa« Hanoa alaotrons in tha oonduotion hand
have & longer lifatims durlniat wtiioh they are urged by tha
field toward txia irQu» orai^^ing a oiunrant* under moderate
illumination^ tha opai>-oirouit potential aifferanae between
the iron base and the toD slaotrode is of the order of 0^2
TOltSt rising zo & ftTsexiaaua of aoout 0«55 7oltB &t r&ty high
illuoination lorels (Vl}«
Xnspeotion of rMinufaoturars * literatiuNi ladieatiia
that the parforiaanoa oliar&otariatlos of photo-voltaio oelXs
• X4 -
0%JBi «Xd&Cl0TB








f '*->«• ,•• »-c r .» «f f
»
fi d ttoi^^ >iie »6.9Jiaaot7i><i wi^ S^d$
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T&xy but XlttX® ttom. one ir^iuiufaoturar to the nexta
ot thtt 9]3eirttoterX3tios of a t^pioal General Kleotrio oeXX
a
of lol in. eeaeltlye surf&oe are »hovin in ?igiiree 2«a«»X»
2y and 3» asd an equiimXeiit oirouit represent Ing eonveii-
tloaeX eeXXe la glTea in Flgtire a«2-4« riEi;)or ohs^raeterie*
tXee of intereet here eres
(a) opeotreX aensltliritjr whkIbmbi neerX^ oolnoldes
with thA ^KBvaXengtti of mAxlemm eeasltlvlty of
the bwmsi eye (Figure 2«2«>X)«
(b) Wltii seiaXl externaX reelstenee loads t ourre&t
output Is proportlonoX to %h% IXXualu&tloii
(Figure 2, 2-2),
(e) XnternaX reelotenoe (and hesM optitam «Ki<NP»
nal Xoad) Is a fuaotlea of iXXunimittlOiii (Fl^
ure 2*2*3)«
(d) £aiort*olroult ourreAit la uearXy loreportXosml
to aenaitlYe area« OxM»n olreult voltage la
pr&otloaXXy Independent of area (GX)«
(e) SpeelaX attention to the detalXa of mtamtwm^
tore smf produoe oeXXa with eurrent reaponae
•iMmt XO:^ tilglier then the avenme < vX)«
(f ) Repreaentetiv3 vsluea of the enulv&lQnt olr-
oult eieoentfii or j^Xgure 2*2*4 are K<iJ,ii
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Figure 2.2-1. Photocell
spectral sensitivity for con-
stant energy at each wave-





























02 04 06 08
ILLUMINATION - FOOT CANDLES
Figure l.Z-Z. Photocell cur-
rent vs. illumination (tungs-




































































ILLUMINATION - FOOT CANDLES
Figure Z.Z-3. Photocell in-










H^ ^ ^ 9iM$
Hi » a fuaeti^ri or lXl8niii«tloii eiiA ox«-
In Figure 2.2-3«
^^th th«s« ehaimoteristios in Mzid» two up^^itklly jando
photooeXls with 9«fi«itlV€i areas of 15 QffiC unht* olvt^iziod
(from 0«n«rol Kleotrlo GmapAO^} for a«« in tU« e£p«rimants
d«£»orlbed balow* 7^» tluiM <i«lla t! # oliftinKitoriatloa ««
giTttn In Figttr«A 2«^«>1« 2» and 3 r^pradttat sii]iJj»jm axpaotaA
parfonsanoe* (If atnall axt&rnaX lo&ds are uaad, oorraapondk
lAe to ahort^olroait oofMSitlonst the omrrants wtmm in Flg«»
ore 2«2«2 ahouXd be snuXtlpXlad by the rittlo of tha araaa
( Yx * ^•^ J to gira the ax^faotad aurr^nt.
)
Having saXaotad a phota»>voXt£ilo oaXX» ym mmejat m
Xoalnaaoajit jsaatariaX (phoaplior) v/itk m^xijmm aaiialtivXty to
gaonua redlatloti. In addition to avalXts biXlty and aoat» tliaaa
aHLJor f£kOtora wara oonaldaradi
(a) Tha iwita:rlaX ohoaan ahmtXd te of high atonlo
flWi^ar^ ao thsit it wiXX ^baorb aa lauoli aaan^
aa paaalbXa from tlia fiftOfta radiation*
(b) 13ba otttarlaX ahouXd amlt aa irialbXa Xlglvt a
lare® freatlon of tha anargy abaorbad*
(o) Tha aeilttaa Xlgtit al^ouXd fall aa naaifljr aa
-ex -
^n bam aol^tmtmvlll In Bol&otttft ji • j^j?
bmalm^^ 9-xsm ^.30 CJ^ 10 ei^a£ f^vUlitii»% H^lw aXXMe^Mlq:
•^OMUVft^JUl md^ ttl Mil «0l (XOa^MO Oil^MlE iMtil^O Ml))
A#^«^^ tnmrnxffl insA««v^»ii ( aoa ,i; •X«S«s: atmi^lt ol o^ria
«Aao«M^noo «l>#«ji ettA al^aoX X«iiiw^x» XXma tl) ^muuutmtvmq
-»Jrtr 111 flwo^ fi*n»«r'ma s/ta* ^Mtol^lAaoo ^li)07l9*^toil« o^ ^ai
B^^ t»iij ^ oxJd% a^J ^ teiX<il;»iiaB ad AXjioito S»£,S aii;
(•^iUTxno te^ea^pca aiu tnri% o^ ( X.S - ^i^j^ )
» idaifoa •« «JLCaa •l»^lov'-^$oiyi « j^a^aaXaa aaXvoH
MiwU ,^00 Ana x^XXidallava otf oolllM^a oZ •flolial^^n mhms
tdava^iiLiioa mtMim a«o#aal •tot^M
•laaila a^id lo atf Miioda aaaona latimttm Mir (a)
tavMie iioan aa dvoada XXJtw 11 laiU o« ^^u^aoa
•aoilaXftafx aaaiaa aiU ao%l aXdiaao<i •«
a liljilX aXdXalT aa SXm ftXuada laivalMi adT (d)
•Aadioada ta^ama adl lo nolloett anviX
aa x£«aaii aa XXat blipoda IdaiX j^miae aax (o)
• 16 -
pM8lbX« in th« region or ^exii&um ptiotooQll
8sa»ltivity«
(6) Sln0« tii« x'ospoaae of photo-v^oXtaio o«lXs da-
oreaaes wltiti ixuir»dal£ig frequanoy* rapid d^tey
of tho «mitt«d light pulsdji would IM UQd«aiJ>>
able*
KAlXattii and oo«*w€Hric#r0 (Bl) biivs fiattd« an axtonsive
study of tho abnolute dnercy yl«ld of Tarious lumlaft#o#iit
«flt«riala axoited with alplia partialQa» eRnne rays* and ifaak
x-*ra7a« Tbair ra^ulta ahow th£st» in ganaral» the inor^anio
phoaphora emit &a viaibXa li^ht a erimter fraotion of the
ener^ abaoirbed than do the orgfiAio lualneaoent materiala*
Of the IncHPfESUiie oateriela they tested oadsar f^MBtm radle*
titm froei radion end ita daaay pirodtjietat the two nost aolt*
able for the present i^^rpoae are oopper*^otXTated zisM 8Ul<»
fide (denoted ^3(0u} ) witli an effieieney of 229S» and oop-
p«r«*aotivc^ted sXno-oadifiitiH Milfide ( ^:jei-OdS(Cu) }« with an
efriolanoy of XiHm l^eae erfioiency data repreaant the ratio
of energy ^{^ttad aa light to the f^adiua) gaana radlatiao
anerca' tibsorbad by © thin X4iy;*r i*i ' ;>r# The efflofuaa^
eiea of aeveraX aulfida phoaphora« inoladlr^^ theee two, hav-e
baen atiOwn (H4)» {y^lh to be a funotion of the Intenjsity of
the ezoitlne, radiatioQ» and of temperature* For thia reaaao
Kallman (K2) he<8 ataied« rafarring to tha afflolanolea olted
above, that they caay be in error by ei.^ £^oh &a X/3 to l/3»
* ^ .
XlMM^odq mna%mm to mi^l» •oq
'"iU^hxw 94 JIlMNr inilm d^iii^ii dtir^JUl* fttf^ t«
M*i^ <20tMl6^ Ifl «««lft W<ktf« ii#|i. •
.Jttff •H^TJrtN4t




^t\i o^ ^\X t
• 17 •
tlioua^i the jpolatlva ve^lues er« oorr<i«t«
Both ot timnQ pho»^h&t& mdt li^t in fik f&lrly liaroftd
•p«otaMi@i witJUi tl:te irMxlmm. iu both osMid f&IIiii^'^, aear 1»li#
iiftT«l«itgt& of sa:£ifttim stuaitlTlty or the salanl^m beurrl«r»
la:;:jr i^lioto-voitalo d«(XX» If tM reiativs ep^otj-ui &i3l^i»
butlon« «7\, or tJie eiwrgi^ asdtt^d bgr • phc is ioioviQ
a« a fimctic-n of wisirslsagtii, tfc<m the 8Te7&g« ourr«iit 0«uii«»
tivity, ; » or Q pi;oi«o>sen8itlTtt durftioo to thi« aiftt^ributioo
oaa be 9aloulata4 eat
-L ^\^3xA^*
>9b«70 S^^ roprdftants the ourreiit r«apon»« of the ph«t#»
MnuiltiTe aarfaee at imTeleagth % relative to the miarrwit
output X^ (fiua^ree per unit Inoident eiier^jr) eit the i«ive»
length of BMiailimia seiuiitlvitjr« 3 la time a figure of JWNrit
for Ti^riouo oombln^^itioxia of pJiotooeXX aurfetoea ^mtl
,
oraa
OaXoiilatioaa of B. have been isade for the two phoaphore »•»•
tlooed above ea being laoat daitebXe« baaed on the reapoaae
ourv<s 3^ for the OeaeraX laeet^rlo oeXX .*e a»2*»X)» For
asnOCOu), the apeatrc^I ettiaaioa ourve of a very efflolont
phoaphor preparers by Babe (33) wea ettpXoyed, while fca? 2n»








•***^ is.ui^ JtcwK *'>Ri©C 4ft« ftinofi^
1
!
of tb« pl&Btitt-^phottphoT <li0oa demirib9<l in Cliapt«r 4 ivaa
used* Tho DrdlaAt«8 of t2i«8« ou2*vea rQpr<ideiit» in arbi-
trary units* «norg7 emitted p«r unit mimvej AiNiorb«d» p«r
unit waT«Iength» und«r «xcit«ition by ult7a«*TioX8t radia*
tion* Sinoe the dmiasion spaotrum of a given phosphor is
oonfitant» or nearly so, under Tiiirious £iode« (alpl)a«beta»
§jUBiaAt ttltre-TiolQt) of exoitation (L3)» end (JQ.)t these
data may be ueod for the preeent problem involving tMaMi«»
ray exoitation«
The figurea obtained for B by graphical integration
aret
^S(Cu) t B • 0.89
Zn-CdsCCu) t ^' • 0,95
The tltae rate of dee^y of lis^t pulaee froa phosphors
appears to be a sensitive funotion of oonstitution and method
of prepersition of the phosphore ^lueh oonflioting data are
found in the literature on this topio* However there is
no doubt that ZnS(Cu) »nd 4;n«-CdS(Cu) salt light in very long
pulses ootapared to the short (of the order of 10 seeonds)
pulses of the organic phosphors, and the sino nn^i. oadAiUA
sulfides are for this reason aXioost invariably used where
long persistence of lujainesoenoe is deairedt a«g«9 in slow-
moving osoillography (H3), (I^)» The phosphorescent decay
of a Zn«CdS(Cu) phosphor sjaterial used in the present experioents
«K tiNitf^oft<fA XaiB^ftCi* ^J^AJ^ 'XK te^tiJM X8VMI* «e#iiiif x^i^t^
••Silo .?Ii«i 5rs5 •(f.*i aQtia^ltiXA lo < ctaio*'7-£5'T-tIfj (deiciAg
•VMUltAlll «i«t ftMiXift 9s:^^:^l lo XMi*ft to •tin ^mlS 9dT
AoiUfiia Afle ool^tf^l^ftoe to ttcl^taatt •vlJl«f{»a • •<{ o^ 8%M(iqA
•1EA a^ob ^l^oixi.oo lioiilj •«(>dt»Ojiv •lU to ixol#ji«aq*T^ to
(iJ^floooa '^'(f.^ . ^fy*w »A$ to) ^oiio oil^ o;r b^tnqmti •^•Xi/q
ttgilad^«« b£A 0£ti£r Bdi An* ,o«iflq«oilq; oinaa^Kt 94^ to •••Ivq
o^oitir iaei; xXd^iidYiti ^ttOfiiXa oo^s^rt filtif lot bib todltXya
ataoalTiK|x& ^nd^itaiq o/l^ al deajj iMliBiam iot^q,BOdq, issl b to
19
pttrsistda for ssj^m timn 20 aliiut«« alt«ir «xelt«itioa w&a y«*
To auanari»«» ;^B(Ou) and Za-»CdS(Ou} «]^|HMur to te mxi%»
abla plioapiiors for tha pr^^^nt appllOtttJLoa» aa thay hara
raaaonabXy hi^ ga«&a«»7a3r ate3orpti.o& ob&racterlatloat ara
aaong tha aoat affioiaist aaargjr oonvarta3fa» aiait light In
a imoA jtavorl23e tha »alaaitia phot^o^sanaltlra aurfsiaai aaA
aialt puXaaa of lojig cturatioa v/hioh avoid tlia poor hlgl»»
fraquanoy raaponaa -^f bar2fla3?«-lajrar aalls*
2»4a S'atiiafcte of SaaaitiTitjTi^
Attaapta to oaloulata tha aacpaatad aanaitiTity of a
•lopla pho8phor«^photovolt6io aaXX«-attmatar anrangaea&t auf->
far from tha aoaroity of data on tha parformanoa of photo*
oXtaio eaXXa at tha very Xow XavaXa of iXXajaination aac*
paotad froA tha phoaphor undar aoAarata ga«Ba irraaiottion*
Tha data In Figura 2»2»2 ara tha baat avaiXabXa on awM—f
'
eiaX oaXXa at iXXuAint^tion XavaXa baXow X foot^ObndXa (X
loaaa/ft* ) • HoweTar* tha loiraat portion of thaaa ourvaa*
haXow about 0»2 foot-oanclXaa» ia an axtrapoXation ('^'X)« On
tha baaia of the briaf diaouaaion of the thaory of tha photo*
oXtaio oalX givan abova* a Xinaar raXationahip batwaan iXXu*
AlJMitlon and currant raaponaa* paaaln^ through tha oriein
of ooordlnatast aaataa pXauaibXa* If tha iXXuAination ia a^aaXXt
ao that tha fiaXd at tha aaXaniua^iron intarfaoa ia not
dieturbad by a Xarga currant fXowt than a fixed fraotion
^JC V.
iiTfftflftlillt ' "iMMMLuMbl
«tl« ^i3fti<»aa«n« ^•^MHM^ilM dlJi«|grro^Ox. oti« slqiUtt
cii^vwo aea4^ lo o^lJ'soq; ;nia«r«i aiU ,«ava«Qn »\tn\iz»iitil
& «iir) '...aXrK}«i^aEa fta ai ««aXiin«^»^€Mt £>«o «i{qs« «QjLaa
••^a^ #ft.t la XioaiKT at^ le tiol»«ifaai& laXiitf a4^ to aXaatf aiA#
tUfmk %l BaltmitMum a4^ %t ««/ jiq afsaaa «aa#«ffXdii9oa )•
^oA ai aa«l«atal «i»«lHMrt«a(f«a 9tLt if% ftlaH ait^r d^itd^ na
* m
^ tiie piiotoeX#ot£-oiij3 should mmm tstom tM BmlmSMm %» iMm
un^mf %h^ iiirXu«JCiO« of the i'l«aM« yoat c^ glv«i:i iip«ot3^aX (Ul»»»
tiTlbutioa of th^ iiiw^u«*iit li#itj, the linear T^Xi&ttanskip
aiioiiXd e-jd;.4)a<^ dmm to z^x-o iXXvimlnatlon l>i3Qi^u»«t of eoura^^
t^# plic»t«K«X#at3rlQ tbr^ahcXd earmot ^s^eiid on thd r^^t« st
3?#r pliotoa« "S&. ooneia<i« tia^it th« (k ^ 2«;>i-*i{:. c^Ar<
^ u*«4 at Ittost fia aa oraer-of-KBugait „_ ,,;,.Uds - . th« XonNKyl
iXXuoln&tioa «^vsXs«
:-^9 mey aem anrnmrizii thm prcMMMiai ^ v^lijl tit* iMOi^ar
of gai»3a vm4ti£i%itm Xs to be oon73rte<l into a fi»it«r IMio&tioa
lA the p} to^oXtalo O0XX*»eiswMi^«x olrouiti &y tireoisie
tlui tnergsr through the ayatem. Tar the aat<@riaXd (z ::^ 46)
and uacaaa-^r- ieverase 0.7 ^feir {II « '> -^'* lat«r««t
here, tL@ i vi^otj-io effect and pctlr . -^iXoii £!^y te
ii«eX«Qte4 in Qomp&sision to tia« Ooiaptcm «ff«ot» 00 %im% tlui
al>»orptlon of gmaeiifi^eiy' ^ja«rsy i« proportionaX to the m^mt
of th« m^Niorl>er {KX)o 'l^iae one j^oent^en representis ti3.e ctb*»
eorpLlon or 5«24 £ Xa :4#y per grasa of air isZ}p \m imve ti«
the r«2t« of tanergy «i4>i9orptioj2i by one gract ^jx .^..hosriiar from
iM^ roentgen per hourt














^Bam •rtlmimm^ with m^ldh %h^ i w oomr#rte thl»
penror Into lii^Jt^t* (pttjmii;rftpli 2*3)» Is a«l;'> for Zji^Ods* t^
tT&0%iGa of omitttd Xigiit r««ohine ^ mvomtttr^ o«ll surfaon
twe 9oXl6 of th€ «fi@Mi metfv^^m ayett and shitptt as th« phospliaar*
EcNi«r«r for this m&am^X^ wt ftb&II ium a al23/',Xe e«XX roar w2iiQh»
with li t^In pliO9p^0y« tlxis rraotloa taX^J^t Im» atout 0*4« t'lxd
reXetliTtt dttusltlirit^ of tj:i@ i>h0to0«XXs for x,h% iBOidttnt Xl#it
tt|«otrim fAs oaXdttlate^ in pMNigarttph ^•^ above »» 0«95 for
*£lias fsir w« hav^ traoM t&« MMrgjf to tlic ^olnt frluiiar*
%% px-oduoei output ouirrfiiit froa the pli«toa«lX0, wlaioli tsw
aey domt write $iss
% 0o4 X 0.95 X I^ C»^i||||i) « X,4 3t X^*^° I^
i^UHfe l|^ is tJQ^d rsapooss of t^ laiotoooXXs in ma^^sfmrn pta?
watt iJioiaeiit«
An ^pp^ooLim^tn «v«XuetioR of I^ Ottn 1>s i^ao b;r rofiof'*
•ao« to neuro a,2«2 ti^oro it is soen t}-i@t tho Xitaltins aXopo
at Xo«f iXXttttlaatioiJ^ for tho Xergor fl^oaMioX resiataaoos (foar
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ampsres/foot-oandle. ; coll raprssentefi by the ourve
has an area of (1*1/144) « 0«0076 ft*, ax^ 1 Immn. of tuiig-
Bten light at 2700® Kelvin is ©quival^at to about 0,0039
watts in th© visible risag©, iienoe I^ beoomm&t
I^ « 3>2 X 10*^ « 0,11 a«9«r«8/ watt inoiasnt.
aiu« wtt arrive at an 9stliaat«4 pliotooell ourr®iit of
1 « lo6 X 10*" X Q.ll " 1,8 X 10* aap#r««/r/hr/graffi
IJhoophor for the conditions stated. In view of the seve:ral
approximation® Involved, this figure should be ragardedl only
as an upp®y limit for ths ourront, Aa such, we tmf eaiou-
late the ainimum radiation meaaurable v/ith the phoephor-oell-
aaaeter circuit* If 0*1 jsd.eroanpere is taken aa the isiiniMiA
current mesiaurabls with a reacily portable r-ioving-ooil instru-
imnt, &n& aaaumlng a phosphor of mj&&G 10 grama, we oould de«>
teot >^pproxi^tely i
10-^
-^ « 550 roantgena per hour.
1.8 X 10*^"^ X 10
an ijapraotioally large mXnimm for & portable inetrument
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mZJ ^
(a) A !&?«• 6iixtli7&o«ii« orysteX of 6>:o«Xl9ixt quality,
aaiui X75 @riu»«9ii&« pXdOdd im ft a«iisrfiX KXaotrio
F?«»l j^otcnroXtulo o«XX« QarrttQt output ot %tm
oaXX tima r#ad tajy a JUMKia ft&d M»rthrup QnXvttiio-*
Miter• TU9 oryatfiX wna Iraradl^ted with m Oo^
•oiuro« (o«9d Ttm) of gUHHi »iiys sep&xttt«d ttOA
the erystftX imXy by two thlolmesaes of bXeok
oXoth, suoh tliat th« estimted guMMi mdiation
the oryetaX aurf&ee feeing the oeXX \mu 400
ro<iintgexie per lioiir* A aexiMttm eiurrent of 9 x
-*X0
XO eiBperee wee neaeured* (Thie reeuXt eaii*
not be emapereA with the eeXeuletioa of the
pteeediae seotion beoauae the ealaaioii ^if%i^
tvoft of aathreeeae la wideXy different froM
that of the auXflde phoaphora*)
(b) A phoaphor eonaiatiae of 9*7 ^tam of <^«Ods
(Cu) diaperaed in a poXyatyreae binder forssad
into a diao 3 £3<i» thiok &nd 5 oe* In di«y^ter
vaa pXaaed between two oenaraX >Xeotrio F/«»a
photovoXtaio oeXXa (aee Xaat pesre^epli. Seotion
- r
X*»***Hi '.";.' J,^XW »g£ffl q'T \||,;
(W «flir iJE*© »fj^ -1 0O¥' ^w^^ ^^
* a4
Z%Z} oafm^iitaa In pcyraXlJiXt with, output ir«d
«A» linfAdititQil bi' the mem Q& mms^^m u««4
«l)^r«9 mxeh that tM aT«jr&gtt r«ai&ticm oTtr
tJ^ fe««0 0t tli« j^«pliot 41»9 ««fta s7««tdr titan
500 i^o«iit|i«iitt pmr hour* ATex«g« «U3rr«at road-*
i»g lifta 2 X 10*^ »mpor«Si cap
l^ottphott »<» th&t tiie #dt leanst« @f ggiElisBaia our«»
arent 1x2 3#otl(m Z^k Is too Mg2i bif a f&otor of
gr«at0r thtm 10 •
ll« o<moIu4e th&t %hm mXm^l& pi3;&mphm^p^toroX%^i.9
o«Xl«»ftan»t«]f clroult oajmot at pr^^ent form tM \m&is for a
pomotloal rs&iatlOB Miter ro<;ulrliie no ooiiroo of oiuurgy &th^at
tliaii tiio isiisrs^ of th« ommA ir»ai&tioa oo&auifod* 3oinhpo1
»9bmmt imr<& ^&tm to miM or Mv« l»««ii dii^<isto«l h^ otti«ir<i
for laproYliae tlio «oiuiltlTltj of tii^ dovloo* om ms>mpl%
iB th« n^Xoirtr MUii«rldlit t^oh layor eon^lttlfsg of ooXl-
plkospiior«oelX« If thooo w«re oostn^otod la aorlos* t^on 1st
frlnoi|?lo» at X««st« the opim«»ol7Qult voXtof,@ undsr £im@XX
ijnmMatlon oould Ifto tMA% as Xereo as wo pXoas@a 13^ rnaldDg
a Yory Xerg««_ Or oonsldor two oonoantrlo spiieroa, oao imoli




ill li t,-! S.V 4<,i-ti;
would h% 0oiit«d with ft eoo4 plxosphojr, ami tii« Axterior of
tli« ina«r sphere would l»e divided into many esmll ees»entet
•eoh forming e eeperete photo-voltaio eel It ag^ia with all
•egfteata oormeoted in eeriee* If theee or other sli&iler
eahenee eeea uttreotiTet the/ lose wioh of their premise
when we consider that a sensitivity ImproveeMnt of at least
10^ is re<^uired» and for this we probably would do better
with one new high*sensitivity deteotor, than with a larg*
wuiber of photo-voltaio oella*
At this point in the work we shifted to the hu^^Jia
•7* ftt the deteotori and no further experiments with photo~
oltalo oells were ondertaJceii*
-• ft -
to %9lT,9^xm •Hi Hum
^
ina%mM ^Nmhi « 4tJt» km$m% ^4 AXxiow
t%$ii»m^t iimm VUM Oittl i^tMhrlft dd Miucm sYaAiafi %mn£il $>AS
•BlA9^(;[ 'UBiit 16 ^MW Mt^X T92!t .9YlSnzi$$B n»#« tMMltoa
^et^Ml ofe hlUGm tldfltfoicq; •« tJLil* »1 ham t^mtlup^Vi •I ^
••Ix$& 0i.;aJ4ov«^J0i3q to irimtttt
1
• 26 -
Tr- •}R nmw m ri-m ^rrK
^o «xtr&0rclliiary 0«iiaitivlty of the hmsiiin ^^y ean
be eppr«oiate4 by oonalderine the energy fXoiy In the form
or lominoae flux vthioh o&n just be peroelved by a eomplete**
ly d&rk«adapted eye* ^^r/lng eetli^tee i^ve been giv^en of
tiile qmmtlty (^}0 &> ooneerrative eteteieeiit being (::Jl)
timt it la Xeaa than ;L0 "^ wettet ox>» expre»ee4 in plietoiifl
of lis&t &t ti:ie isereXefietix of twyliniMn eetieltivity of tlie
eyet Xe«e then 100 elemeatary j;diotO!iui per eeooiid#
m order to toita adrtintage of thle e«naitlvity for
lauaX detoetion eaa cysaettreckejit of re<3i»tion» we msmt «a»»
enine 8(»aa other oh^traoteriatios of the %;y^a reep<aiee to
light whloh will be iSiaouaaed briefly aa followat
(a) Heletive Tiaibility aad Parkinje effeot*
(b) Gontraat aenaitlvity ipariaticm*
(o) Change in Xie^t threahold during adaiitatiQn*
(d) Light and oolor throaholds.
(a) The faMli&r relatiye TiaibiXlty ouvps fm %hm
lii^ht'-adapted ea^f in the tmm aisreed upon by internetiioxmX
ooi^v@ntion i*i2)t appeera aa ourre (a} in Figure 3«X-X« TUm
aenaltivity of the eye la reXativeXy ooaatant at r^rdinory
MT'di
,ffgE ndi ^ »<>l^»Iim<WMilO .X.r
^- ftSVl'^ JTAJlkd ISV
fill;! 1o ^*
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0.1 I 10 100
Brightness B (foot lannberts)
VARIATION OF PERCEPTIBLE CONTRAST




light X«T«X«» but aa t^« adaptation larie^tiiaaa A^^jraaMSi
tli« 7l«il»ilitjr oaimi WgliiSt at about XO foot*laab«rta» to
ahift to ahortar waTaX«igtlia« Thia phanomsaon, known aa
tba ParkinJ a affaet, la aoooiapanlad by a daoraaaa in wldtb
of tha ourrat aa Indloetad by (b) in Figura 3»1«1» whlah
rapraaanta tha TlaiblXity from, brlghtiiaaaaa of Xaaa than
about XO*^ foot*Xambarta do«m to tha thraahoXd of iriaion.
(b) l^a fraationaX brl^htnaaa diffaranoa, or oontraatf
AIl/(B ^^B)* batwaan ti«o aurt^oaa» MOiioh oan juat ba pavaaivad»
ia ahowm in flKora 3«X«2 aa a funotlon of fiaXd brlghtnaaa and
coXor ( i2)* It ia notad that at tha hl^ar XatraXa of iiXumi*
nation, tha paroaptibXa brlgntnaaa dlffaranoa ia aoaXX and
nwtkrXy oonatant for aXX ooXora, but lEoraaaaa aa flaXd bright*
naaa daoraaaaa, and that tha Purkinja affaot ia oianifaatad In
an aarXiar wldanlAg of tha p^te&ptibl^ brlghtiiaaa dlffaranoa
for tha rad and of tha apaetrua than for the blua* Two fur-
thar faota v>hloh ara not iMioutad in tha flgnra era that
tha abiXlty to diatlnguiah faorlghtaaaa dlffaranoa, aapaoiaXXjr
at Xow Xi^t XavaXa, la improv'ad by a raduotlon in anguXar
flaXd of iriaw {W2) &ud that tha paroai^ibla oontrasta indl*
0£itad in Hgura 1«X*2 oan ba raduoad, i^t any ooXor or bright-'
naaa, by a praotlead obaarvar Judging tha maan of tha pointa
of firat ^pp^&r&ix&9 of Inaiumllty in aaoh dlraotion« mlah (W2}
fttataa that tha avaraga of ssany raadlnga takan In thia way has
baan found to iaproira eontraat paroaptlon by a faotor
• is «
t^•tL»^1»^b ^••niA^naS tmlSm^mba %dS sa liitf .X»t«I td^ll
•^ ««^«tf««X«^ool CXC ^iHMf« #• «uilaMi^ vruio x^lIlditiT td^f
•a MNMOft •aooMMm^i •IxIT •axi^amX«T«w %»#ioiUi o^ 9\iam
d^blw al #t«»«o#6 • jfi b9lmmifm9^m •! ,^0«tt* •t&U«if? 9d$
AHim |I«X«C •luislt ai (cT) ^ A##»»itol «a «*Yruie mdS lo
•ooXalT lo ftXoils*til# til^ o^ WKOb •^•daikC-^ool ^*0X ^iiod«
«^«ic#XKi0 70 «»ofitv«1116 ••iitilaJt^ X«aol^o««!l •dT (tf)
«^TX«#«*q atf ^«ift iUM doXiltr ««»o«liiri o«r^ ii#o«^»tf «(8i^^ fi)VtA
htm Miiis^djilvtf MeXl lo Aoi^oai/1 a •• S«X«C •oiiftllV al tncdm ml
"XaMlXl lo «Xov»X %»AjiltL (tdi Sm tmd$ hmSaa si #1 .(Sw) ioXo«
bOB llamm %l #oix*iollXi^ ««0fi^£ialitf mUliq,m9%9q, md$ ^aoltBa
•Ma^^ ftX»Xl OS tMiavv^iil ^if< «ft!ioXoo XXs ooU ^fiA^aaoo tX«tMi
aX Ito^MliAiMB %l ^e#llo mlalJiiun mdi imis bam ^mmmam-wb —u
mm^^mVtlb MiAa^iliiitd •X^Xiqoovaq oiitf lo ^Xix#blw %»XXaiio an
*«n ew? .siiXd ad^ *to\ amUi acm^Aoqt ad^ lo btm Aon •di lol
74SIU m%a oztij^i. ad^ ni ^o^AoXfictX joxi ei^ doXdw s^oal lad^
XXX«Xo»q«o «*oix»i:ollX5 a«oa#dal«S diiXifadl^«16 o^ xtllidm ^d3
%Blsi9iam ai anXi^sibtn m ^^a ftAvo^qjttl ai ^&lmrml ^dalX voX Sm
»Xbai a^aavlAOO aXdX^aooaq. adj jad^ Aoa i^) waXT lo bXall
«4jf9l«tf 90 rsoXoe \am 4b tlwottJ^av ad aao S-X.r atusXt aX baiao
aliiXoq bA^ lo saaii ad^ Sd^^'^i VAV'zaado Aaol^aaif a t^ ,aaaa
(Ssr) daXavf •aoX^oaill> doaa al xSHmupBal lo aaa^tvdaqqa ^aTXl lo
uad \am mlds al iiaaia^ aanXi^M^ Huw lo a^avaTa adtf ^ad^ aaia^a
vataal a x^ «il^qaat#4 #aa«^jioo avo^qaX oJ ftfuml m—4
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of Bf trnd^r fftT0rabl9 oonditloxis*
(q) ^d grailu&X impr&wmmi:^ la sanaltiYlty or tl;6 «^
rt«r llXimiiu'tioo liaa &««ii gjpsetljr ar^cluos^ is IXXustretod
,; ^igttr« 3#l-3, f5?oa (Sl)« {Ttx^ ordlimttf of Uils ourv© la
th« Xogarit^ of th© rsoiprooBX of ths threslioXd brini^taees
; th« ti£i« indlofet<3d«) It is iiit«r€}stine to not« t?i&t| aX^
thou^^ dark etdtipt tlon is eai&entiaXXy eoapX^te after 40 eilxw
titea* 3013a inoraase in aenalti/ity liaa baaa reportod after
as Xong aa X6 houra of s^deptetlon (SX)*
(d) fi|(ura 3«X«4 praaanta tM ooXor and Xlgjtit tJtiroa«»
liolda (2) pXottad aa ftmctloaa of imsLTaXangtiu ixi tiia rad»
raoo^ition of ooXor &Qd tlia paroaption of Xisliit ^th vc^niah
at vary aaarX^ tha aaiM ratinsX iXXuninetion, :>ut «ia vfava-
Xai^tli daaraaaaai it is poaalbXa to paroalva XifOit at iXXu-'
siiifttlon Xavala imah Xowar tlian thoaa raquirad for ooXor ra-
aQ|^itloa> in tha raelon o^' tl o-ocXiad tsflXight vlsloiu
(Tha iinit of tari^^htuaaa uaad in this ourva la tha photOBp
aquaX to tha IXXumiziatiDn of ths ratines of tho e^ra, vSimn tim
pupiXXar/ apartura ia on© a^iui illXisat^r, cjy an objaat
luaiTiag a Isi^lfhtnaaa of ona a ;ra «atar, or 0,292
foot-la/abarta*
)
C») PriRoipX® of opay[^
,
y>^
In X9XX, Lord !;^tharrord (H5) utlXlftad tl^a Xuai-
jf^n
i'J: . 4 ',' ..,' -J .\i *- £^,rr.
V '
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Time in min. after Illumination has Ceased
Figure 3.1-3 RISE OF SENSITIVITY OF THE RETINA
WITH CONTINUED DARK -ADAPTATION OF THE EYE.
(Southall.Sl)
A. Brightness at which recognition of color ceases.
B. Brightness at which sensation of light ceases.
4000 5000 6000 7000
Wavelength (A**)
Figure 3.1-4 EXTINCTION OF LIGHT AND COLOR (Walsh, W2)
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nesod^o® qa « slao aulfldo Bcrm^n for t1&u@1 ddtistotion of
nuoleai^ radiation la M& oXua^io experiments on aXplia^ray
«oattt@rlne* %« devlee proposed &ad developed la the pppe-
aent work reete en tli - •.<riftoipIe a»«d by i^therford^
bat w® are i>rifayBrily im .ed la the deteetion and tiaaEtl-
teitlire i:ie&gare@«nt of e/^^ami atloa^ ratlier tiirm oountXisg
in^jividua! aX|^ |wrtloXe«« To a«»onpIia& tlil^» ive Intro*
duoe a etandei^d lieiit eouroe of verlable terightneaev with
nAiioh the zino sulfide (or other phoephor) noreeny ezoited
to luminesoenoe by tho gnmm radiation to be faeeaured, i«
0O!5:^rea6 i ot of adJustine the intensity of the atsn-
dard lieht ^n-i^^ae to obtain a teifjitne«e netoh then serres
to see t,ion. The lever, dial, or other
ciec^ne by which the standard £iouroe is adjusted oen b« trnXi*
br€ited direotl/ in roentgens per hour* It is Is^tortant to
note that we have here e doaege rate aeter, not on inte^a*'
tine doaij:3eter> tkM that, if practioiil, it would eortiuinly
eonstitute one of the elmpleet rete iitieteri» for Bl^mm radla«
tion yet devised* /e proeeed therex'ore to exaaine the de-
sign oriterie and pr&otiotslity of &\mh a devioe, to oonsider
sot^ie of ti.e possible veiriotioziSi and to desumstrate tlie sh&r-
aoteristioe and perfore^noe of one form of the ooeiplete ln«
struAsut*
(b) Choise of r-i^fifrfflp^
Turnin^^: flrat to the Imliissoent ooterifil, or
«««t i^Ai al h9%9X9r9b baa b^moqfi
^•#1«» «ii«»«M (voffqMilq
-xoid^o to) •bilJTwe onts erf;? iloijfw
XiAlA^vaa ftXxiow ^.^ >aiq li ^jial^f finj «i«^«aaol» aal4
^*mlbMi% aoMia tot ana^aiB a^at Sn^lrrtsdn arltf to flno n:ti»^liaiioa
«•» »4;r »<UiM«a OJ amlaiaii^ somoo'zn a- •i>»axva£> *a\ nolcf
isaMaooa oi ,»olva6 a nana 1© t^lXaal^oaiij Aaa altaliiLO aaJta
"•laila tnU aJ'aY^effQoiaft e^ ftjsfi .aitoMoi^i'rp aTrffsa/kr a/'* to aoaa
^<il a#aXqpK»o t^^i^ ^u axo^ aao lo aoii.iiooa'i.'xa^ l>a*a) aoit^alTa^ea
•^naflunc^a
10 flujLiiaJii^c ^if dhavil ,'Vfllfl^U/T
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phosphor, it 1» «ppar!$nt t.lMit S3ftxla»ei mm«i%iti%y will bo
•ttalxied it w« ohoos« a. ,piios:^hor with a hi^^jft affiolsnoy tost
the conY^T^ifxn of i^oMm mdlatloa Into llda'-t, ydth as msmh
tkB ptm&ihl^ of t!m diJilttod li^:ht falling?. In th9 ii«Y«l«rt^tIi
bend where th& i»yQ lm& r^dximm sensltlvlt3r« dtit for t)i«
P^Jsinj® ®ft«iot, <ilic».i«i« -or a phoapfa^ i*or vIsujbI ol>»erva-
tlon eoul^ b« aoasid«r@d aa ql proi;>I(im Xdentloal with dlioodiae
e phoi^phor to b« vl«w*d by a photo-voltaio eell (Seotloii 2,3),
How6vsr» w# »ai? wi«li to TIM ha eftleicmt «$a«r£y oonT^artoar
wiLoaii speotral •mission taaxlwttt falls at th^ »fm$ wtkr^X&xx^h
69 %h% p^&^k •«iisitlirltjr of th« dye, at the borigiatn^s® laTals
ttJEpeota^ ^oss t^# ri'diatloa to be ^Misurad*
/Q daXouXatd th« ordar of oagjiltuae of %m &urfao«
brl;hta«»s of a tMn lor dlso 1 1/2 Inehna in ^lttm«t®j?,
ooateiaiaj? 10 f^aias of phoapbor of affSoleuoy 0*2 , e3KJit«d
by, aay, 0,1 ro«iitf ••"• '• hour* tJ®lne th® oaloulatltm of
S«otlon 2,4, that tr.e bsor bed by 1 gram of i or
frcaa 1 2^oa&tg•]l p«r hr^nr i; ._ rQOEi««it«ly 2,1 x 10*^ w«tts,
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of the di8e» totail InterziQl :r«fl90tlont ami &h&mfp%Xtm of
tl&t emitted li^Jit bj Interior phoephor orystaXsi an4 hnire
a«8umod tlmt all the ll^nt is ealtted at the wi»v«l«eigtli of
tmxlmm eenaltivity of the eye* If the emitting eurfeee is
perfeetly diffuse, w« iwgr ezprees this brlglitneee ee tM
mmfi nmnb%-r of foot-lostberta* We note frois Oiirve (b) of ?iis«
tire 3»1-1 tiist at thle Ixriehtneas the wavelei^th of aaxifiam
eeaeitlvlty of the e^e la about 5040 i\2i«at7i3ii utiite* eo that
«e seek a phoejphor whose eeiiaaicm peak la at tliia aaoa waTa*
length* Furthenaorey for beat reaalta, the emitted light
ahould have a apeotral cHatributicm uo broader than the 7iai«>
billty ourre at thla brl^itneas*
Selootion of a eootiMreially aTailabla platoaphoa? cm the
baais of a apeolfied ahapa and plAoajssant of its emiaaion ourva
ia not readily aoooiKpliahed partloularly la^aa only a ataall
aoaimt ia ^eairad* Hie ohanMltariatioa of a partieular ahi|>-
aent of lu&dnesoent raterial are not neeaaaarily Identical
to thofiG of the iveeading ahlpfsantt and ttie manufaeturers
are iiot ordiaarlly willinc; to guarantee their product in thia
reap«ot« After Inap^tioa of aeveral aacipilatimia of phosphor
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.mlon Urn^B am in %h& a^alr^d t^i^ismt 2;s»-cds(Ca) t
,_„, Z''s^SiOi (1%) » ths foawaajr being, mtmtKe^im to Kellaaaa
{BX)» more tJ:u:.a twioe c.;- ^"fiolent a« th« ifeittar, imu thl»
««3 borne out fey tii© ressdlts obtfiinQd hdro. for U0« In th«
vlaix&l :^3(Uatloa m^ter th«4ie ^pbospliorsy obtained in th« fom
of |»o«rdar» w«r<i i?dx^ with a j;»l&«tlo bXuddi^t iaoXdtd into
disos of ooiiT««^l<uat di^«, and tested for oftlalexMi^t <^fi ^^^
oriisea In detail in Olmpter 4# Teete under gasKw^^^ay mM^l^
totiani deeoribed in fSeotion t.:^, &i-^Cfu that for rij>»Cdw3(Gu)j,
tl^e brleriitneae oaloulation alcove ie ot the oorreot ast^MT
a£ msjtgiiitude*
7*^1 distrltsution ouTTee for e<^oh of theee j^ioa*
phor i^^terlaXs, forfaed into dieee with Xuoite» weire oti^iaed
txtsa an aatoetj>tlo«reoordiBe« gruting ep^iotrogr&pli ousted uu*
filtered ultr&^iriolet e^ioltatioiu The^w results itre alicwm
in Figure-'?, lo?.-! end 3»2»2, TTaq efalesion ottr'/e for ..^ij-Cdn
{Cu} folxoiia very oloeely the ehttjps o^: ui^smioic. viai«»
bility ourvo, but piMUee et a HRvelength of 5;;^75 AiigQtroca
tuxit3» anaeifhat higher tl&en tme desired« ^ra-rerthcleas, tlie
overlap iMitivoea tiM ^^io^-Ods ourve aixc i^i^ vi^^o^sxiuj^ ourve io*
de ' t'^iiours Co* Toneadfti Bft«


















Figure 3.2-1 SPECTRAL DISTRIBUTION OF EMISSION
FROM Zn-CdS (Cu) IN LUCITE COMPARED WITH NOR-
MAL AND THRESHOLD VISIBILITY CURVES
4000 5000 6000
Wavelength (A°)
Figure 3.2-2 SPECTRAL DISTRIBUTION OF EMISSION
FROM Zn2Si04(Mn) IN LUCITE

- ^6 •
4il««t«» tJmt this i:xtio«pbcap woiOA )M MLrly aatliitfctotox^jf Mr
owe purpmM«
sho3?tftr wiiY^Xongt]^ (52X0 A^}» arid imm mmmttlBiX^ tae d«dire<a
aJbap^t but» as will b« aeoiay It^ totrd U^t a^saion id Emoh
inferior.
In oril«r to avi?ld ujiosrt&lntlee IntrcxIuoaA lor
tim Tii^kinj^ efftot into the task of matoUlne ^^^ tei^htneas
of two surf£i0«8 of dlffar^nt oolort wtt mqiiire that the Stan-*
daj^a lie^t M identioal in speatz^l distri'mxtlon wltii th&%
of th^ dftteetor piimiplUMf* tl%e at^nd&Td ttouro6| of oourmi*
ooiiM consist of a bfttt6ry*pci«mr»<ll li£lit bulb, ouit^^bXy fii^
t4jred« bat tMs aTnuigMuiat i« obJ(iotion&{>l6 in tka pr«««iit
ap|>lio«ition b^ftiiua* of bottory »helf-life (and aotive life),
on^ bee&ustt color tdmiH»rtj^tui-« ooriplioatlona rists if the in-
tenaity of the emitted light ia r^x'l
.
u....^,ii-.u..5V fii«ii«Bi
current, Tli* latter Oi.a be aroidaci by other i.i©tlto<fe of Tury-
ina iatenaity but the batt«rl€« y«aalJW (^ therefore oonsid«r
tue poasibility :>r uolng « pbMiplMar vsilt^a £>y a 3ougro« of
r&dio&otivity» built into the Instr^iitieutt oa tlie oompariaon
li^l^t aotiroe.
'JKi^ sotiroe of exoiti&tlon energy for mioh '. .;aJOt:i.^-or
olxould h&ve lialf*vulue period of »eTer&l yB&rsst ^^^ 1^» ^<39*
- ^
•MMq^ll^L VIM
*Ilt ^idiii^Xim ,dXi/w yii^li i>*ii;»ir(»ji-^70ja£sa a i<; ;r»JtgAoo tlsm^
»{6tlX »yUoB bum) #tlX-lX«r£te
-we^tfod to mmiutu^ AOl^MlX^a
-fll
- ^^ ii oBiia Ba»X4B9ix\i^aaQ 9%u4avHifa^4 laloo 99UMf94 baa
^ommli'i ^ k9l%Mf9 9l ^iiaix b9S$igm moi to xilumS
**-^ •"'''"'" *f'^ .....: ;....., ^/: ,jjici 0ii«" ;>i>d ^JXaiwtoi aol
^ a aaX*ja to x^XiXdlMoq 9^S
***-^
^ «^"* tXJUid tXSlrU0B9Xh»%
•eoxuoa jTiljiXX
IBOt ,tl ten tfllltMT l8WfiT»« ^o ftolfoq §i0X«Y«tX«! O OTOd ftXfiOlte
5? -
fiil^riaoii pusp^—B, th« Alumdaard li^ht 0ouro« Is to h%
not «mit i>#n««VtttlBe r<&AlQtiQA whliiti wmXA m^am IuaIji*
•mi0a#« of th« l{itt«r# tlitt* w« «Xittlikat« trtm MouiiAMNitiaii
ili« irtidittn ttffid thoritttt •«ri«i, biOtw etf theli* 0mm #«»»
pootata* end 9<»loalum (XcNi ffimtm tftlsaicm} iNiwitiM of Its
Ahort Ilfft (139 ^Nrft)» Xa f&ot« tli« fttantSbard tftbuXationa
of tho radlowftOtiTo auoXidoo (33), smA (S4)« rov^aX a»
«l|to «Hltt«y« nMtli Attttt our apeoifioationa* s^ror&X hm%m»^
VftjT aouroos «mlttii:ie no ftiiiwii xtgro ftr« «v6iXal)Xo in quantl*
%f fTfm tho l0otopo« Divlftioti of tho Ato»io Juorsjr Cooftloslon
(AX) or frois dltttri bators« of th«oot otro&tiu£i>'90 1« aaong
t3i« Xoaat ozpoasiiro niul t]io «YftlX«bXft oi^rgy por dlslnto*
fSNttioQ froia thio mioXide Xa •OM9«PfttiT«Xy Xars«* r^^» a
fl»oioi»»pro(luot daughtor of two T«ry ahort^XiTod bata^^ra/
•ttXttarSf daaa/a (PX) aooordiag to tha aoiiaaat
X9*9 yaaifa ' ^ -^ 62 noiira '
BaMHif irti«i aaauXar aquiXXbrliui haa tiaaii attainadt aaab
90
daaar of a ^^ mioXaua yieXda tifo bata partloXaa» with aa
airavttga aaargj reXaaaa of alMut 0*9 ^av par dXaXnti^retioiu
'Dmi aitaaalTa Xitaapatora on pt^oapkiora iooXudaa Tarjr
faw praoiaa deta en tha tolet^tnaas obtalnabXa froa a&lf'-
axoitad phoupho^s^ and nana at aXX iiaa l»aan Xooatad on tha
n^ P4 u $mmB mbJu
-••• mm»B «i»it* to »4Uf«it«4 tft»Jt«Ni rnkwM ^tm rwft^tm.$git
•#i to
—ttm94 {mt9ml3m Bsmi% wl) mtJia»l9% bum ^Bimm^
.mMi^^. ilPiPfit «tt0il#M»ltiiiacr« itao ^v^mk /ioJ^ifiv v«o##lito Milr
*-»^tUMlb '.vj-^ \;5^5:oiia «...
„^5f^ ^iii laui^ «Tla««%wi «Nl«#X Oil^
38 «
•truotuTtt lagr lNita«««x»* tlufct this last paint ii»jr li« of iam
portaiMMi la tli« prii»«iit |^obi«ai i« lll«ui^Nit«ai ligr t^« d««igr
witla tlao of thd Xnmltt#g»«a.o» froai thm ••XjiyXtwInmxs |ieilnt8
0X3. wmtoh «n4 Imityusasiit dlftlSf •i^am^ Ato*! MMit of uliioli
«ir# •xolt«id l^ vmdlAtion from radium or a»iusi>horlatt» Tli«
d«9truotiv« %ttws% of tho mdlOfi«^i¥it/ o& th« ptb.o«phor 0€tii»
ftt l«a«tf )M Xlat«d aa • imrlaOIo InfXiMaolxie th« Il^t ottt«»
{Att froa • r«Ale->a«tlTa light souro«» tho «ff»ot of irhli^
Ditiaf tM «QtnpaNi1^« with th« «ffact of tte lialf«>Iif« of tli*
rfidio<^otlTo exoltor*
&o b(rl|^litn««8 of a oopp^ivctotlvrnt^d^ gr«on«oalttliig
zIeo suXfldo ooro^n (of ucutp^olflod thloloioas but ptimfmiM^
««RpuriiU.o to tlm rax^tt of rmditm al|>tia pttrtioXoo In i^aSt
- a
al»out 5 ^9si ) KUD&MS aXpttA»r«y oxoltotlon iiaa boon nocsuarod
lif BiXaxt ftBd F«tt«r (a£)« ^Hiey oiwtod a pXato wltH X laloro*
isartttt of rtidluA ^•x oqaiixo ooijitliaotor and pX&o«d It 4 mlXXl«»
skfttora froa a plioaphor soraan In an ayaouatad oiia^ar, ob-
taimag a m^tit^ji brlglitnaaa of X to a mloro-XaAMrta {0«aoX
to 0*002 footoXaiOMVta ajn^MKlnitaXr) foar aaa as a vtaadaxHl
Xl^t wmiM^^m Boardiaan aM Sawaan {JB^} rapart lirlg&ti^aiMNNI
of up to 22«5 olero^Itunib^rta frosi an liitlsmta olxtara of
ftiaa auXfida wltli an aXp2ia««ialtting radlo^^otlTa aaXt Cothar«^
wlaa «uildantlflad)«
~ u: -
^^4m %m WMf f»af Xlir iiiir •«t«-r-.^*#u ^<| •icw^oiiic^
mMm to ^on ,«&^ ,«ji^jttt ^^uib ^msmttm Mel 4»Mr ito
i!i»iiftr lo ^d»t^» •/!;r t*«-t; "^l/ 9v!t.ftm-^ihin » soil toq;
«*ro^loxii irrUe»«oJtAo^
£. ..iao**nooi58 tfc«5'-.v;4'oO-«^»t5W»t5 « 1^ atsft'^.t^i^i^ llljifr
|6iS ttt aoXolMVliiq^XA *«ISo*i to »^2i»'^ Of!* 0^ BUintaipi^
Ao«Miooi3 oootf »od 3X0 xm>*m^Xm ^mhaa (Sfto\sK 5 4iiO(fi
-o^o^' •• iWl«r o«oI% o i^o^uoo xotfT .(fiS) ^oimy jbfi« mM ti
«»iXXiJi # ^1 fttililg ^oo «o^o«il9&oo otiiii^4>« «»^ imlbBt to «o«s
<-^o ««o€m«o bBimmmi no n^Hiii^s «r«ifS|«oi<2 o »o<t oio^t«
XO0»OK otfiotfiiil iiiiuE ^ o# i zo >atirirtf§ri| ooonoo • iOMit
iiiliMli 00 ooif «ot (tX^itGaaJbw«if» oihMfiaXHNwIt SOO^o 0$
OoOlMMMiMvttf *J'<otfMS''fiB!f ) BAswflO' ftffii wi%y><jfnn^ *lt#V0OO ^djdtX
to OittMiaOift »«^aajc^xu jui 4B9SI OfimifiKf nijoii |«gi o# ^ii to
*i»*#«) itXiso #tl#oo^i6«<^ J^#l/9»«»o;lq[Xo rai ii#jh» oJbnx&o oai«
•(6oni#ao*i«# ooiw
- ?9 -
(Unit 1N»th of th«s« r««»iXt8 vrtr^ te««d «tt ol^^
r«iuir«9 antmmwfapt ^ta my «eoitftti0iit it INmami n^mm^rf
%0 (mmummmf %lm% a oMti^lt lirl#iiaMM» nmOd %• fttt«iiift«
ar^ in ohlorida •oXutioui a« ol!Ndii«4 TtoA thm /etomlo
pQ3^%t«<l to atand for 24 hoards « than flXterad* T2ia flXtar
papar« mstrfls^ thm ^^oo« praalpitata i»aa oafaMilaA aefNi
en aXoalfniei tlaa 1 Inah la diaauitar^ tmA tha aotlTa dapoalt»
ifall diatrl^tad ofV«r aa araa y/k Inohaa ia dlaaatar* «as
fr«tMt«A tr • tble (1.5 «e/mi») -luntnuB foil. nn. AIM
waa than umintad wn a rod oaifavad lato the baok fM»a of tha
diaa f®v oanvanlenaa la handling* 1?ha aouraa &o abtalaad
}md an aativitir* aa naastirad hf aa limlKaticsi ahambar ^mtF'
pATlmm. aaalaat a aauraa of kamm aatlTity, of 0^5 (^ 0«1)
alXliauriaa*
A ^gkMi^m^ nada of l^QQ ippam oif l^ttaraaa Typa 8 aiji#»
oadiftiiiii sttlfida (aappar aatlvati^) ant w»IAad ligr naaaa of
0«50 igpMttS of a luaite bindar inta a diaa 1 7/i^ inohaa la
dianttair and 0«05 iaohaa thiok, ymm pXaaad aa th« souroa
90WmmmX aara anat ba takaa la work with ^^ t for Ita loag
h&Xf«>Xif0t tha aa«reatio bata^rajr froia Itn daughtar yttritua*
aad tha faot that it appaara to ba a boiia«*aa4ia£aar smkm it
oauauaJLXjr toado among aata anittasrs* Tha lataat («raaiiarjr 1»
I95I) raoonnaadatioa of the XataratitionaX Cooolaalon oa
Badiologloal Protaotion (12} ia that tha smximm panalaaihXa




to MtBMB Ttf &aMmi An* (J^NlprJt||^ ^K*q[^D»«) Bf^nXon mli09t^
^'








•4i4 Hi Ot-WHi^MlY^ 19 JtlUIWMI
* 40 «
Aim ama %h^ brlftiitttfts« of tut phiNi^or ffl»as}i9«4 wit^ %h»
TtLfXoT IoiiN»Bri^ta««« !l»t«v» with tii« rvaaity lirott m Mriti
at 7 gi^miyii,Kt< t ^^ ^tH {^ 0*05) x 10*^ fool^liuf^Nvts*
To re6ue# this tel^tn«sa te t^mXXi^ t«rttfif it iMfts mot«4
thtkt th% j^o&ph&rH ^Um 1MM 4«teot{ibi« lMMi4iat«]4r vImmi
Xighttd room
fMWKL ttm Wightnmm mloiuXAtim, ako?«t tor th« giiii'i
Yal«Bt to gUJWft radiation prodaoiiie iipx^o^KiaRt«ljri
uliiiii wmXA thvM b« tb« upp«r dttt«0tl(» liolt for a £itt«ap
vmim this i^urtiouJUur bata ada2*aa and aantttj^iaaii ptoaplioar*
Ta iaaxaaaa tlia Inrin^tiMaa ot tiia ataada^rd &t aQ«i«ri-
aatt |diaaph<»r» wa muf isataaaa ti^a aouraa atraiketh 03f laa^a
Attra affidiazst um ojt a ei^^A aauvaa aativlt/* Tliara apyaava
to )M aa t^&mn, why th« l>ata~aauraa a^ild not H lalxad dlraot*
Xjf ivlth tha jplieapJ&or aatariaX and iMAAad into a tliiB dlaa
witii plaatia* iUt^matlTal^Ti aotiTatiatt af tha ooetplatad
pi^aphar^plaatio diao by n^itroa bawlMurdBMiit i& a xa«iotior
aigitt )Mi ftaalblai ^rev^ided a auitabla aaoXdua (auok as
bar/XlittR) vara laioXud«d ia tito pXastlo or ikhoapnor* IX










Ita paMm&uttf in th« plioiiphor«-plA«tl9 mlaittuM should not 1»»
t«rf#3^« si^alflmmtlf with th« mtrfRMi telghtSMMi of a thin
pNMi:i^l0V« Of pmsfm mutt m |gint<kuf hmu %hm dlsAtiraaitfti^
thftt phmq^or bw^t)fli9«fMSfc Hgr tlM iMi»l»«r MdLMiGii patti03««9
with eaeM^t^t^Bt mistiblc d«9tnxdtiT« mtttMt^ i« oimtiTiaouftt
ivli«r#ati with th« awuMM ftiid plMiiiMr sttfuraWAc an sbsorhir
ooald ]^«ftdilx he iaMurt^A Wiam %Mm mmtmt im not in um« 'Sit*
ttftiiufaetu3*« of 9«lf«^xelt#d Tfiamg/hMbwrnu not uadtiftalcta twr»
lag this vrork b«oauo« of tho naAttflirftblXity of ocmtaiiiiMitias
the oalsr aveil&ble hlj^h«>pr«««ti3fe Xooite sold*
n^ur^s ?«2«»3 ttad 4 are eketohea of two of the
maxr s^iaelhle fonae of the Tleual radiation aater* The
aketehee are eelf-^zpXeaatory, ead a few ooigflMafta oa ao»»
poa«3ite aot elsewhere mentlcmed will suffiee*
Hui adjuststeat for e brightness aeteh between a Aa*
teetov fhioephor ead the staaiavA Uglit aearaa een readily
be aade with oroaaad polarlaars (Flgara 3«2«»3)« One tjrpa
that appears to be aatisfaetorjA is obtainable In the foam
of thin ahaata ahi^ are easily aaimted» Two sueh sheets
hava a traaattiaaiea with optlaaX axes parallel of 21^ » aaA
effaot a reduotion by a factor of 200 wben the aacaa are
aressed* If three auoh sheets are used, the eanlwp one
4a Type 11^32 y Polaroid Oorporatioa« Oambridaet IMS* !nui
































































































































belag 2*«tat«d ^il« th% othw two me^ flx«d» «yi ^smm la
tmmmttmk Wlag a fnotiap of 40»000« Tlie t^ajsi^lwii^ 9^
tlii» laAWarial !• r«du9«d, «« thu aa;«» «r« ro^mtftdt ^iiit«
mifeiNil/ ia tliii yvgioii ot tji« oiaUelOQ of slnd«aa^U;iMi
•ttXfl4« (figure %2^l)f tliough th«r« 1« a mm^imlfOKmity
fh9 doaijgn of yigoro 3«2«4 oo^Xoys for sl«j^llolty •
fflHiootot for ndjitatlae tho Intonoity of t2to otandord Xooj^
Ao tt rosulty %h» filter ooa oon^ot tho Xi^M to th« «i^00i»
trol 4i8tri&utlo!i of the phooplior enioalon oror o oerroir
toofto of iiitoiialti«8« (mly» At vorjr low fasriglitaooa* lo tbo
teOAitt of twlllelit (oolorXoMi} Yioioot thlo offoot oouXd bo
OOM^oaootod ti7 odJuotcKuit of tho 000X0 oaXi^ntloe* Oot ot
mgh lotonoitioi it would hrlan in Um oaoofftolntr of laatolv*
ing two ourfaooa of difforont oolors« If ttda should bo
fooal to istoroaoo tho ov^r^iilX orror ais&lfioaatl7» tho izi»
toaoitjr of Um otondord liglit oliooXd bo odjootod by poXo«>
roida or an optiooX wodgOf and oa oiamotar ohould ba inoXudod
ia tho olrouit ao %tmt a fIxod ourront oould bo s^Xntainod
througii the fiXoiztant*
Tha optiooX ayataa for Tiowing tha tv/o aurfe^oaa nood
ba ao rioro aXaborata tr^aa a glaaa or pXoatio i^Xata to axoltiido
doot* In tha oaaa of tho aodaX aoiag a boto^aouroa to pro-
«l flMdt WM ^bmOt •%» 9m$ imdS^ •lit •Ximr 6#iAtov a«i«tf
«#« MnJbum «!# ,Ki «l noXMlMMunur ok* «tt ••vvqilt mU
INi mlMlMuumt •xfT •000«04 to «»#eirt s yOa^ mlfmni
*»!»§ .iiiiK to mlftftJUM sdt to ml90% oiu ol: TlmwtlM
ttJtjmtXJuvHMtt » 01 •«#«{# 4a»Mr «(x«s»e onftJKt) oftiiurt
•ilMX MateAttt mki to VlttflotiU oiit aai^urt^ tot <rjitf«oMl«
«••« odJT ot MfM •dS iooiRoo fljio fttin odt ,^Xj;fao7 o «A
wtvui M toTO «ol««lA» 'saicrtodff eif^ to «»i#adl«*ilft Xi»«#
otft Hi tiooiitrta ^ntf vol TKev ^i^ .lu^ t^aUimaUmX to oiaot
odf Mifoo tootto mint «aololY (oooXtoIoo) ttislXlirt to almmA
to toi «Mil(risieriIeo aXsoR sif^ to tfnua^votfta ^ ftotoooo^poo
«^t4M to ^tisiii^^saosui 009 iU jioxto M4I0V ^X MXtXoftotoX 4^iA
otf ^XmiIo AJtdt tx •fttoXoo tiuMmttU to ooootwo ow# sol
hU odt vTX^^aoltlafilo <xo«x^ui tlnmnro %AS a««09mi1 o# Jtewot
«aIo« trf 0o«rait^A oo i^jufooo #fij^i Moinoyi oiur to t^loisot
MiigXoiil otf AXii«tfo «o#iMMMi no Ami «••»•» XooXifO «o w oi^Xo«
JbMtio^alom otf Mmo iooviso i^oslt • totf^ o« iXito^o odt a1
•toofuOXt otftf d»iio«tft
Imm Mootum ow# 4Mt ji«1w»1t Wl a»tot« XooXit^o oif?
•lirioxa as o4*oXq oltsaXf «o 000X3 o amtU otoiotfoXo omn oo od
««iitt e« oo«ooo«oii<r o tflXoiy XoiOtt oiU to oooo oiSt iS •tufft
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duoe the atcindar4 llglit» the le&s should b« thlok eaough to
shield the eye Hroia the radiation* A shutter of »wm kind
is neoessfkry at the e/epieoe beeause of the long phosphor*
esoent deoay of the sulfide phosphors after exposure to sun*
light; a aiaple oap fittixig 09%t the e/epieoe niglit be suffi«
olent*
A fiUfiber of Tariatlons on the general prinoiple of
Isoftl observation of a phoaphor for radiation oeasureBent
eve possible. Que of the slaplest oonslsts of a phosphor
viewed through • series of openings of Tsrylag ^psolty la
an opaque diso or atrip* The openings oould be in the form
of nuttsralst a number oode giving the approximate radiation
dosage rate oorresponding to the lowest number whioh oould
just be peroeived. Suoh a devioe, with no standard for oobf-
parison* would, however, yield varying results depending on
the degree of dark adaptation of the observer.
3.3. Testa of the Ylaual Hadiatlon ^4etar.
(a) ariithtnesa : tendard .
T2ie Taylor Low^arightness ^aeter {hM) oonsists
of a long (60 em) open Ojrlinder through whioh an observer
viewe an illuminated oiroular area silhouetted agtiinst a
oiroular field of t.ne aurfaoe toward whioh the instrument
is aimed, whose brightness is to be o^asured. The illumia*
ated area, aotually elliptioal in shape, is a magnesium
earbonate surfaoe whioh refleota into the observer's eye
laic «.;tj nl •d X^lyoa a^iao^o •riT .qii^a •lo o«|£> •irpaqo nm
mUBlb&i •jraoixoiqqi!) *ji;r :5«iYi,^ •5o9 ledsiufl .aXweaurir to
-*soc ^c'i i> ^ Oil «»olv«i!> is iiou: •Ii«t1»07«<i •tf '•i't
« ^SAlaiO Ao«^OII0iiXJt« OOU XAlHOtlO te^oftJtitoIXl oo owoIy
tmmmtaiai txUf i&lff?* f^rrwe^^ »«^^t'. t -^3 .^.tef"?- -rainati©
' "««tttJt9XXl <irlT •jovtsuttovo 9a o^ ax £«0£tJjij{|X'M »«oaw iJ^ooXji al
taii«iliiK a «1 «#i20d« ai X >XX»
-iXts0^o» ,n«^« ftt^«
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lleht «altt«4 toy a standard iMmp throusU an apartiura In tint
aida or tha aaln oyXlndar« Tha intanalty of tha atandard
liffjtit aouroa la adjaatabla by fiXtara end an optloal wadgav
ao that by oaHSMiTlaon of tha alroXa* iXXundziatad by tha
atandaxdy with tha axt^smaX flaXd of vlaw. brlghtnaaa oan
ba maaautrad oTar tiia ranga fSroB XO* to XO**^ foot-Xambarta«
Tha atandard Xaap buXb oparataa at ooaatant ottrraut« ao that
eoXor ohaugaa do not aooompaay lntanalty» or bariehtaaaa»
ohangaa of tha rafXaotlng surfaoa* Tha Inatrumant waa oaXi*
bretad by tha aanafaaturar (GanaraX BXaotrio Go*) juat prior
to ita uaa in tha praaant axpar ieaaats, but no Xow~brightnaaa
atandarda wara avalXabXa for ra*ohaoking during tha oouraa
of tha work*
Zt ia apparant, from thia daaoriptlon of tha LBM» that
«liaa it ia uaad to naaaora tha brightnaaa of a phoaphor Xumi-
nasolnf, imfS^^r tha azoltation of gaxaea radiation. It baoottaa
aaaantiaiXy a viauaX radiation natar siAiXar to tha fora
akatehad in ?i|pira 3«'C->4« Uaa of tha Lm in thia way ia
aubjaot to aavaraX Xioltationa* Tha standard Xight aouraa»
a tungatan fiiament, haa a coXor distribution far diffar^it
fron til a aaaantiaXXy bXua*graan of tha phoahor* ao that at
tha highar radiation XavaXa it ia naoaaaary to natoh graan
and paXa yaXXow brightnaaaaa* Tb.% siost aarioua fauXt of
thia arr&ngai^nt ariaaa froa tha 60 oantimatar Xangth of tha
'Jt^'
fl«f;f Bl flrxzit^swifl OS^ iS^DR^itS sm^t hralmg^is, ta vfi fi^$.fUu^ Mull
-I> a^jj^OAdO «qX09
ttio'X •<lt o# a«XJtAlii i[»ttia iioltAlDa'x lAirdlv » xXl0l ta*ii««
•i X«v aiiit III Rl &aifot«Q(»
i#A»'Sfttlii:> XBt aoltdiMslttaii) ^ a and tta^AsXll nataaiuit •
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•y« tliat the field of view of the obeeanrer 1» not filled ^
the phoephor lis»gftt wJaieh sul^tende & eone of half<HuigIe onXf
2 •»24 when e 2-lnoh phoeplior ie natd, ajid of 1 •49* witii •
1 X/2^intih phosphor* fh\i» the thjreehoXd for deteotlon of
radletloa with a glTen phosphor at the end of the tm la amk
less then it would l>e for e effiblXer phoephor^to^eye diatanoe*
()>} Deteotlon ThreehoXd. anA aoprocuol&llity of Meeeiiy
The filfLiffiom radletiOQ whioh oan he deteoted vie*
tialljr with the phoephore available, aoa the effeot of die-
%mitoe hetween eye und x^hoaphor were eetabliahed hr the foX*
lowifi^ experIjsent* A phosphor diso 5 Ofi^* la dlaaeter was
ttOttated at the «ni^ of a tube of the same inside diaaetar,
64 esu Xongt ^th a bX&ok arrou»-ahaped figure 2 om« Xong
affixed to the faee of the phosphor. li^asaresMmts ware itiiBde
of the aaxiiBiiB disttiiiee of a radiuai gaisfiA souroe from the
flBiOsphor at whioh & dark"»adapted observer oould (a) deter*
Aiiie without qaestion the pre^oaoa or absenoe of vislbXe
Xlelvt froa the phosphor, and (b) det^rsiine within 30 the
SAftiiXar orientatioia of the arrow. This prooedure was then
sr^tsfttsd with a tuba 22 onu Xone* ^ha resuXts, la terms of
distanoa and roenteens per hour froa the souroe {4608 mm*
radiuflt sooree, oalibrated by the ^loreau of 3tan(JUirds)» oaX-*
ouX&ted by the inverse square Xaw, are eivan in Table 1«>>X*
\Xf(C 4fcX;,p£L»<»'£i.Ji4 iM^ Aliad « «j3a»J<iM^ )a«i&x Iti/ittA^i^ «a^
ilo : *iJiI Lmm M imi m4 hls£«m $X mj^a^ Mimi
«sl«t mdi yfi b^giml > loO^toiig toi aiia «a*v ^
•JW TA^Mulb lU •«• ^ o«Xb «o4qe(Mi^ A •^^•Aiimfpii i«tiw«i
^CMlX tat £ ftlUiaUt l»4KtiMi«<»^«ma 4»«X^ u tiJXw taftoX #jni^ ^
•iiMi mum li^ammmWBm •%Qd<iftoi&ft vii^r to •o^it ^n^ o^ I»«si1;|#
•4t aofi; 4M»i;}iii« lUMuia Ai»iibd*ic » to »»ii«ifti£t «i.tml ic>m •fi*! to
«iEt#f»ll» (ft) JIXmo« ^u»T<c£«aifo l>«v ^l» B iltiilw 4r«i %»fiig9WH
»nj OC ajui^rxf^ 9,ata'iO'J9i> ifl(| {^iic «'iviiv^BE««!ii!5i »#<f «07t ^^li^lX
mds ^m »iEi}»iMMMI% ftJUit iiit Mi<i^ to nst ^I'io %mltmm
ta mas*t&i sil ..^SSixmmx BdlT •%r^^t *ae S« mas » ily*iir ^^$Ai^9%
•J.--. . -5;.M«T nt iiKf-l.-^ arts ,wjai! »rt:.-' . -< .cf ft^liUuo
m iifB m







Obaorror F 0b««rror K
c& T/iiX Ga r/tor
66 D«t«otlaa
70 0.091 70 0.093
ii Arrow Qrl«n-
tailon 25 0,727 20 1.13
at Dttt«OtiOB
t)ir«8hol4
160 0.014 165 0.017
aa Arrow Or1 911-
totloa 70 0.093 60 0.126
t^lo oxporiJMnt dononBtrfitoA tliat thm Alnimua detoot*
a bit gtt«M radletion with ttils phoaphor xoatArial la la««
thaA 20 Bx/hr undar favorebia oottdltiona. Sooa rough axj;>ari«
anta with phoaphor-to-aya dlatenoaa Indioata thct tha op»
tjjttui amy ba laaa than 22 oci, for a 5 oa diaaatar phoaphor.
rurthar Inraatigatlon of thi» Polnt aight produoa avldanaa











Xt 1» «Tld«nt froti Tabl« ^m^^X thKt tha thr»««rold
9«te«tiQii of th« diatenoo trosA whloh the phosphco* waa rl«w«d
iMrani^t about « aix«-fold laprova.'siaat In thr<»ahold aenaitlTity^
wid aa alelkt-fold daoraaaa in tha laliiiauiA smdlation required
fair arrow orientation* In view of thia reaultt saaatiraBaanta
Aada with tha XiOw-Brlghtnaaa Meter uaad aa a Tiauai radiation
sater oaa be regarded only aa a gauge of the reproduoibilit/
of brightaeaa raadinga at var/ low light lavela* Slnoe tha
ZOM was the only availf^ble ooe&parlaon daTioa for tha law
light levela» and ainoa no way oould be found to uaa a short*
•r aya to phoaj^ior diatanoa without najor alteration of tha
inatrumanty it waa uaad for thia purpoaa in the nesLt escperl-
aant to be deaoribed*
Two obaer^era with no prior knowledge of the Low*-
Brightneaa Meter and no aignifioant experienoa in photociatry
ware uaad in thia experiment. 3oth hnd unoorreotad tiaual
aouity in both eyea of 20/20 » or better* with aorsaal oolor
paroeption, and had auffloieat loiowledge of tLe uaa and
•ffeat a of gaaaa radisition ao thi^t it oen be aasuaad that
no payohologioal effeota on thia aooount perturbed tha laeaa-
vraaaata* The obaerTara ware dark-adapted for at leaat
fifteen ainutea in a red adaption brightnaas of leaa than
10 foot*lasiberta« The datQotor phoaphor (::n-CdS(Cui in
Ittoite} waa 1 1/2 inohea in diaaeter^ Tiewed through tha UH
ao that it waa 6o oa froa the obaerrer'a eye* Tha phoaphor
hlQim^wtd^ ^Ai jf 131(1 f^^f AiViiff jBotl Sa9bJtf ml $i
•^ •a^i il woX >i^#¥ 4r« mj^itnt0% mmmuittstvi to
k/o- 4;^;,' T v©|> aoaitwqaop •Xtf«iXl«V0 ^Cc© *«<* »«r WJ
;:ot tnt%u mm ft .^RBma^^ARl
a ii^Xw mi»yr%m94o o»T
:J to ii»x» d^otf fiX x^X^Ov
flat loeXelttim ftcr sisn^mtm^
.»l«aarti>X»**cot **OlX
- ^ •
tho di«t«ne«s {phosphor to aoaro«) «i:oim in Tabl* 3«3-2«
Icoh obsarTAir wui peralttftd about 10 niautss fajalXiariza-
tion with the ci7r«iag«<w]^t h«for« th« r^ftdifigs •hovra i& th«
table imre t«ile»a«
artUeiifc»lw M—wg—inta by In<xpeyieiio»4 Oba»yTtr»
(10 am radiuB 0ouro«9 8»1 «rhA* drifhtness in 10*^ foot^lambarts)
P^gtfta<>» p^fi^j^fior to Boo^^ft ? •% IP ff^t





SUndard P«vi»tloii 9i ^^
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^a&Am:! ft Aaw i»JUS«il
-S»ii£y« I Mh mw iwniniMni* III wm/mmUmmBLmJmmiJKKi
a «*rs#«tfO
iiBBA iiiifflftrinHB«<JKJMifllBW iHL. iiiim n in imiii ixtimiMWM
t,^ «i^»£S>M
Utat^rilTuC J&Mii^T.. .. .*<.
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?ior aMWAXlMMftt ^^tt 3*3*-3 ahomi rasdijig t«lc«a li^
two r«l«itlv«X7 •xp«rl«&o«d obasTTertt* ooth of wtiott l»d l»fidX«d
asd u»«d th« imitruaeat on two previouft oooaslons* Sjq^«ri«»
Aeatftl •onditiont v«r« %M saa« as daaoribad aboir* asaapt tlia%
%hm phosipiioT nae axoitad by ultia-^violat Xi^t and a largar
ranga of tel^tlitnaaa waa oorarad* T2iaa« abifarrera lllLawlaa
tmd unoorraotad 20/20 or battar Tlalon aM ooaraail ooloar
paroaptlon.
A» axpaotad tha raproduolbilltjr of brightnaaa ooopari*
aon raadloga by a aiaiila obaarvar la far battar than tha
paroaptlbla barle^tnaaa diffaranoa data of Flgura 3«1"»2« ainoa
«a ara ualng tha halving nathod laantionad in Saotion 3«l(b)«
HowaTar tha raproduotion of tha raadlnga of ona obaarTar bf
anothar la Xaaa aatliifaotor/* In TabXa 3«3-3 It ia aaan that
abaarvar 3 raada aonaiatantXy hlghar than obaarrar £ by a
fraction whloh inoraaaaa &a brlghtnaaa daara&aaa* Othar ax*
parlcaanta hava ahown tha diaa^aaiaant batwaan thaaa two ob-
aarvar« la aXwaya in tha aana dixaotlon, and that tha thraa*
hoXd of 3 ia at a highar brlghtnaaa» and radiation, than
that of lU SlftiXar raX&tionahipa axiat batwaan tha raadlnga
and thraahoXda of obaarvara L bnd D (TabXa 3«>>2}, tha lattar
hisvin^ tha lewar thraahoXde A aaaa of additionaX d&ta wauXd
ba raquirad bafora gaaaraXixationa aXong thla Xlna oouXd Xm
atki tad«
,M\mal0$„ 90Ukm^ tweiie t-^^t eicjET .£!432*-H^«i# «gv
mmi% i^-i.e •«.«ai^ ^o «Ja;3 ©Oii©'xdiii;> ««extird,'3iid •Idl^^Mi*^
^*iW fM« fli ^1 c-r,f ».
.xto;fojrt«l^«» Max «i v^cUom
iiadtf .rtcl;t'>3lbB*t biia ,M«ix^4aliMr «»ilaXil « w« «* . lo AXoii
0!mi»9m
m ^Z m
(UltTft^vioIet •xoltatloa* BrlciitiuiM in foot»Xamborta)
Run A B e P S y
Obser*
•p 3 29x10*^ X2.0X10"•^ 10.8x10-^ 55. 5x10"'5 15. 5x10-5 15x10"^
29 21.3 12.5 45 14.2 19.5









29.4x10-^ 19«OxlO*Mmmh "^ 11.5x10-^ 14.9x10"•5 14.9x10"^
•6
17.2x10
BtvlatlOii 2^ uit 99( 12)1 «J 936
28x10*^ I6*0xl0-•^ 9.0x10"^ 36x10*^ 9.5x10"' 10.5x10"^
24 15.5 9.5 34 7.0 10.5












4^ n ^ # Wi
Rfttio $/K 1.10 1.15 1.06 1.21 1.40 1.47
i=L»£-









^.W s.,u 54 5.SX tUSL es
I^.VX l.U ^ e«ox d.SX s.^s
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MMMr II— i^ '<
Q»
ous ,1x6*01 ^*a£xd.cc ^"axx^^.ox '^'"oxxe* '^;!. ft0«k'
SKau J&. _3||d , H to fflflff^YH
VA<^ Oi«I xs«x dO«X <iX.X ax«x 2i\8 ox^jtfi
- ^> •
0t«ad«rd have thaa f&r thwarted • d«olaiT« dttffiOBStratloa of
th« loner limit or radiation at wMoh rdXi^bl* terislitness
^••dl&es o&n ^ obtained* How«t«7, the •ideuoe at hand in*>
dleates tbet suoh a lowar liait for a da?ic«>adapted obaarrar
la wall baXow 400 ailliroantgana i>er hour* This estim^ta is
iMiaad on tha foUowiA^ oonaldaratioaa* Th^ baat phoaipiior dlM
pjfodttoad to data In tha work dasoribad in Cbeptar 4 la a 2-
laeh dioo oonaiating of 9*7 graoa of pboaphor in e polyatTraaa
blndar* Its briet^tXMaa undar 40 or/hr of radiuA fflUMW «s»i*
5
tatio&» aa maaanrad bf a tjrpa 5819 photo-aultlpliar waa 1*2
z 10*^ foot-l&abarta, or ona*tantli of tha hrigbtnaaa raadinga
shown in Coluian F of T&bla 3*3«>3« Hanaa a radiation of 400
or/hr is oartainly maasurobla by brightaaaa aanpariacou How-
Vfiof tha improYaaent in dateotion thraehold and arrow orian-
tation brought about by a daoraaaa in tha phoaphor-to-aya
distanoa aa ahowa in Tabla ''•l^l is ao speotaoular as to par*
ait a conridant atatai&ant that aoisa da^raa of ImproTaciant
oan &ldo b^ aada in brightnaas oomparison by tha saaa maans*
Another araa in whioh iAprovaaant is to ba axpeotad ia tha
oanufaotura of largar and Aora affioiant phosphor disos thaa
5» Tha photonmltipliar oalib^ation against tha low*
aass xMtar is daseribad in Appendix A«i.
6« Tha linearity of brightneas response of ZnCMn(Cuj with
eseitinx Intensity mi rooa teoperatiire over an intensity
range of XO' has been dei^nstrat^d by r«ail et al ( ol)«
mioMM Mu^8 ta.^ xa au9.1'i^^9 a«#fl^dal^o fll •»««» •<} oaXa turn
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aj»« nem air&llttlil«» Ctatijie ^^« po0sl)>X« lower Ximlt a< wall
bfilow 400 ffir/br thttrefore •««{&» quit* oonetrrative. TlMi
ttp^r limit or tli6 Tisuel raOiation oataaPt aat by tlia antura-
tion !»rlfthtu«&s of tha phosphor t haa not baas axplorady but
tha data of Tabla 5«>-2 a&d of tha figura i» Apj^andix A.l show
that It ia graatar timn 100 roanteana par hour* An aatioata
of 1000 r/hr for thla figura would ba oonaarvatiTa*
Conoamicig tha liaite.tior^a on tha uaa of a viaual rcdia*
tion £iatar in Tiew of tha thraaholda for datootlon and auooaaa*
fal brightnaai oonpariaona ahown a bora » it ia avi(^ant that dark
adaptation of tha obaarrar will ba a pra-raquieita to radiation
&aaaura£i«nte naar tha naaanra^ant thraahold, with tha rotxuirad
dagraa of dark adaptation inoraaainK aa tha Ainittua radiation
to ba maaaurad daoraaaaa* hs a raault, an obaarvar originally
ndaptad to daylight, obaarring eontinuously aa hia dark*
adaptation proeraaaaa» will ba abla to aaa laYals of radia«
tion in tha leinity of 10 roantgana par hour tvithin a faw
saoanda* bat will ra^^aira 1^ to 20 minutaa of dark adaptation
bafora ha will &a abla to dataot 20 or/hr* or to ma&attra tha
ordar of lOO s^/hr* Dark adaptation tima ot^n of oouraa ba
grantly daoraaaad by pra*adaptation in rad light through tha
uaa of rad gogglaa, aa now axtanaivaly uaad by thoaa angagad
in ni^ht ziavigaticn end ^unnary in tha araad aanrioaa. hMl**
bart (HI) haa shown that, whila aaaantially oofi^;)lata dark
- al? .
fioliTi lu ;ii wfIrtlw tilt ««» B^iUaenwci aeJt^««i^llM» ^'XJib lo mmqmM^
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reaptatton r«qulr«8 21 «ilnut«a aftar •xpoeure to 120 foot*
e&ri<ll«8 of tuneat«n light, the r^qulre^ tlia« la reduoad to
7 aifiutaa aftar azpoaura to tha aaiaa Inta&elty of rad llglit
{6500 A**).

vmimsaam uktmiAh in pu!^ic biuimb
i»»lo Ptioap]ior«>PIa8tlo MSjEtur^a^
Thm s«leotlon of « sulfidt phonphor tat U8« in th«
TltfUAl mdlatlon nMter umB followed by b ssaroh for OAftna
to obtain tho euizlntis toi^iita«0« at th« durfao^ of a la/ar
of phoap^or* A roTiaw of th9 litert^turo and inquiry mum^
pavaoas aad •enpaaias intaraatad in orjatal erovrlne raTaalad
ao aouroa of sino aulflda oryjitaXa of raaaeoaDla aiaat so
attention ima turned to improving the Xuadnaaaant yield of
the fina-ipreined sino«»oadAiafli auXfida whioh appeared to b«
tiia l»aat readily obtaiaabXe phoaphor for our purpoaa (See*
tion ')«2)«
The ohief Ximitationa on the Xight output froa the
aurfaoa of a gl?aa aaaa of ti^ia .^^teriaX and of the zine
sulfide pbo&paor family ia ganeraX, axlae from their aaall
aryatal aiza (1«50 aiarona)» atron« 8i»aorptioa of their o«b
aaitted light, ^md high index of refraotion (for zn?, n »
2»356, and for CdS, n - 2.506, both at 5^93 A®, (R2) )•
thVLB ia thick Xayare of theaa asiaXl oryataXa, aaattaring of
the Xi|f,ht emitted from en interior oryatal inoreaaea the pro-
habiXlty of absorption before it reaohee the surfeea where
it aaa be aeea* Furthermore, the hiith index of refraotioa
aad ooneequent smeXl orltloi^l csn^ie ain ^ for total internal
•tU al Bmu tan ^oilqaoitit •feiltii/« a i© noi^oai^a »ifT
ft»I«»T*ii S&liBDt^ Xfi.ta^'xo nl bB^mfisU ft»lii«VMt fr&i «ixo«uq
•• ••«!• •XtfAooaa^i 10 tXA^«tT« •MllM o/ils lo aoiAoa •«
«0e3) ©aoii'ix/^ 1^0 101 ioilq«od^ •XdeaX»tfdo \XXi>«« l»«d •AS
• (S»f iiol;t
•oic »iij ao ijttii lali94mn mldt lo aawi aatIs « lo von^a
XXaaa lU^ur mo-n B^lia ,Xjii*ii«a d tXi«iil 'soiinz-Aa Rhniau
mo il^tiS lo fl<iX^«a**Ja aaoi^t «{«aoMiia oe-X; asi« xaSmxin
-
i? tCua «oi) iiolioatlai Ic zaftaX d^iji 6ix« ^4AqU ffflm
!• SalK*^^«0« .eXa^ra^ao XXaqs aaadjT *« t.i£/^iax aoluJ aX auiii
-©«i •!!;» aacMi^toaX Xa^a^i:© tJoltbSnt aa «oil te^^Xaa #rtt^ix ad^
nadw aa;n:sua *rfi aaitooat *t aTol»d ffoltTcj-rosrfa lo x^^lX^»^
ifof-^^aila^ ,s. v.»fcftl il^lrf ail* ^Bttmioa^^im *s:aa« atf aaa $1
X XiAmcaJ^X iBSQf «ol 31 "'^flia aisno X^taiiflw XXama toaiypaanoa Jtea
- 57 -
reflection at a orystal-air surface, raean that a large frao»
tion of the light jaust make one or more reflections from a
crystal-air surface before escaping from the crystal, hence
absorption in this cianner may also seriously reduce the po-
tentially arailable light* (The crystals of several sulfide
phosphors ezaGd.nad do not have perfectly regular shape, but
hSTe small striations on the crystal faces, so it is unlikely
that a significant portion of the light would be perttsaently
•strapped in the crystals due to Internal reflection. ) Thus
It secAed reasonable th«it ve aight lAprOTC the total light
output at the surface of a given aass of phosphor by simply
filling the interstices betwaen crystals with a xaaterial
of refractive index matching or approaching that of the phos-
phor, provided such naterial is transparent to the emitted
light. Thus we would at once increase the critical angle
at the crystal surfaces, since it is given by sin (n*/n)
(where n* is the refractive index of the less dense and &
of the acre dense aedium) , allowing a larger fraction of the
generated ll^,ht to escape from s crystal without total in-
ternal reflection, and decrease the reflection coefficient
at each crystal boundary, since this coefficient depends,
2 2
at noreaal Incidence, on (n'-n) /(n»*n) •
A transparent plastic iofflediately suggests itself as
a possible bind«iir for the phosphor crystal powder. The use
for other purpoees of a transparent plastic binder for pow-
dered crystalline sulfide phosphors has bean reported pr^^
• IPC -
M aoil «aci:^o»Xl»« »«oa to mo •Iok ^juia j^u^ix ^d^ \^ a©l^
•£
;
XA^T»a to »X«#vt«o •!«?) .^jfbix AtfSiinmm\liMl4uB^
tXe «X $x 9t ««iw»l X«i*t«0 actJ ^i^$^ XX««ii ^rad
•i^dT t ^Rol$90£%9fZ lma%94Ml o^ •ifi> ai.a;raxia ^a at MtniHIa
^Aaii XBd-orf MM Mr»tiftX id«lft av $aAS aXdaiMaaa'x &•«#•« #1
tXqaXa xd s^itMHq lo aaasi iwTla a to au^it^uis aii^ ^a #ifq#ifo
Xaiva^aa a £Wiw aie^raii'io aaawff— <#^i^ata»fli •£!# saiiuti
-^•Uq •HiT 1<? *isrt^ d£il.fiaa<»<|qa to aiiiiia#aw xaAjii avi^cM^©! to
6a«lat ftia* o^ SaBiaqBasii e? fislia^/afii riow« l»a6lvo«i %%tulq
Xia« i.ii0irf4xa »iiit aaaa^tox:^ aaae tfa ftloow aw »i>ifr .idj^ll
{«\'ii) *xiXa trf aairi,^ al SI aaijla .aao.-st^xFa XiU-erxt'^rf^'fa
a iki» acaefi sasi a/U la xa^sl avlc^eaita^ «d^ al *a a^xaifr)
•^ t« «ttX«r5i:'a ii««S|«l Ji^^pjiiiiUii ^{mBtbmm Btta^h a^oai aifi to
•fix tM^ itsodt^ Xatfatio « m^ oqaoaa o^f ^if^XX ft*#«if#ifflr3^
^naioXtteoo noM'isriA'r ?»i;f aewas^xaaft ^s tOol^oaXta^ X»ii^»j
«®- " • ^« st^Jfiftn^'Ot^ iB^xio rfo*a <fa
mmu MOL
. .^fLMmoq, l»Sit\%B i 3nli* lol la&altf »Xcria80<j a
-wo<I lot %Biiaia ©ijftju:^ i •!» j,^
-jprt^o ^^
-aiq u«;?iOi af aBB€i aad etoiiqaoilq eMtXua afljAx^iwti ^ ^ ^
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Tlouftl7« ^^ (^1) ^^^ ^ thltk pattt« of sino aulfidt and
poXjrsijrren* »pr«iid dl7#etljr on tb« ttiiToXope of aa end^wlndow
pboto*-niatlpXi«r to oount neutromi by Xu»la«8oene« of tho
.^BO suXrido •xoit«4 hf roooiX protOBS from ths pXAOtio*
Hoblaftoa &M o«»worlc«7o (RX^ B2) buTo tuio4 siniXar tiiln ttXa&o
turos of oatroi^X l&organio ^os)^or# and poXyatyrana to ooimt
aXpha partloXea* Co&sldaiMiibXe attantion haa baan givaii Xata*
Xy (S2p K3} to tba ium of oreai.10 phosphor aateriaXa dlaaoXrad
in pXastiofi of irariout klnda, obtaining Xarga, oXear» anor*
phous Miasaa for ooontina Jiaatrons and (siuM»ft»r&ys with higli
affieianoiaa at high oountini; rataa*
W« ara h^rn interastadt howavar, in finding tha opti*
ffloa thioknaae, in graiaa pia aquara oanti»atar, and tha opti*
noB proportion of pXaatio and phosphor* «hioh wiXX yioXd tha
brightaat aurfaoa Xumincaaanoa mtl^t ga^tta axoitation, points
on whioh XittXa infonaition haa baan avails bXa* i^iXXaian (&2)
haa pubXiahad o\iriraa ahot^ing totaX Xight output from phoaphor
aoraana aa a function of thioJaiaaa» undar aXpha and gaauaa ax*
oitation* Hia ourra for a-axoitatioa ia raproduoad aa Figura
4*X«»X» \Ai^r9 it ia aaan that tha isaxiistttt Xight intanaity froM
ZxkSt :^ CiO. » 'inA CawOi. oeeura at 5 mgfiB/tti^» whioh aooording
to £:aXXnan ia Juat tha ranga of tha eXpha«partiaXaa uaad* U&«»
dar gaoma axoitation* Figura 4«X*2» tha Xight ixatanaity doaa
not appaar to raaoh & saxisua for uny of thsaa phosphors* bat
2
fXattana out abova 50 mg/oft » inoraaaing only alightXy for
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LUMINESCENT LIGHT INTENSITY AS A
FUNCTION OF PHOSPHOR THICKNESS.
ALPHA EXCITATION. (Kollman ,Ref. K2)
c
X radiation
50 100 mg/cm2 200
Figure 4.1-2 LUMINESCENT LIGHT INTENSITY AS A
FUNCTION OF PHOSPHOR THICKNESS.
GAMMA EXCITATION, (kollman, Ref. K2)
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stvates thet ttiest aftt^riaXa do absorb th« tmitted liftixt,
Alisoe th® i^jaBBi rftdlatlon used was tuffioiantly i>ard tMt
no ftpprooisble absorption of the ett«Mi« took pIao« In tho
phosphor*
ifh9 rttSjatlTe light outputa of zn^siO. and EnS aiid«r
It3.pbft end gftSKa exeltatlon as sbomi appear to ba laooBvatibIa*
Gannrall/t it \?oald be axpeoted that relatlva afflolanofaa
of two phoaphora would not obaasa graatXx undar diffarant ax«»
oltettlon« Snob e Ylaw la aupported by afficianoy data on
tbaae two pboaphors publiahad bj Kalljaan In two dlffarant
reporta (31 » K2), ahowlng that tha aalfida la mora afflelant
than tha sllloata undar a^r* and z^ray axeltetlon, and by tha
axparlmentaX raaults reported In :?aotlon 3 of this aheptara
Banaa It la raaaonabla to aaapeet that tha Xebela of tha aur**
Taa for Zn^3l0, and ZxiB In T^l^ura 4a l-^ have been intarohaaged
* 4
by error*)
Theaa ourrea by Kalloan furnlah an additional reaacm for
aalng a plaatlo bindar for tha powdarad phosphor* slnae we
ere Intereated In eiaxlmuffi brlghtneaa of tha phosphor aurfaee^
under gai&ia&«>ray exaltation* we aTldently aiuat aae thlokneaeea
of aulflde phoaphor greater than 0«1 m^mt" (Figure 4»l-2, ourire
for Zns}« Tha pl&atla bindar eppaara to ba a oooTanlent oeana
of obtaining a hoisioganeoua aurfaoa In auoh larga thlokneaeeai
provided no loaa of brlghtnaaa reaults froa Introduction of
the plaatlo.
tMOS MAd tXin«»lollti» saw frMo aolSBlbai% a»ua «dl •tola
imkn naSi ham J>IB^ to •^sn^un ^itaix •tI^aXa^ Aicr)
••Xdl^nqAOMU td o^ i:JM»^q[S oitoilt mm aoUaflKU AflB«a J^M mIiXa
<-xa ^iMi»ttl5 laftmr \Xt«a^ 9ifiBdo imi bXjtow atodqaoilq av^ 'l
«o atab t^a*-i^omo xi balroqqim al walY a AoOQ •oel^a^i^
^xravalllb ow^ al naoIiaZ x€ AajfftlXtfjiq anoibcaaitft aw^ aaail^
^oalailta Btom al aMlXxia ail^ ^ad^ aoiivofia «(5QI «li) a#ioqait
•III ttf i^Ai «<iol^a«l0jta xaic«x Jtoa «r«a ^aAoit a^aollla aiU sad^
•iia^afla ald^ la t nal^p^?. al ftalroqav all&aan; Ia^aaAi«a«Ba
ad^ to aXadaX adi $Bd& fmKraim ol altfaooaaM: al fl aasafl
^•affMii^^^X Aaatf avad S«X««i sTj/aiY «i eoS tea ,018^as rxol aa^
(.«o*»a T
«»1 fl»aaa« Janolllftfta tztt dslmtft iiBBlIflB -^ aerrcuQ aeadT
aw 9f>a.t?. micaximQa^ oBinisvQq, 9iia lo'i -xabcxo ozjsaX
«aaatuHi Kodqaodq; bAS lo aaaaldal«d aiwilKaai al bBUBB^BfaX b%a
aaaaaififald^ aa& #aiai xXSn^^birB am ^aol&niH.oxB yai'i^ciBatas ^aftou
BT1UQ «^*jL«4i au^t) ^Ha\aB x«u OAOS iBJOBi^ wmqaoA^i aciijuia lo
•oaflA toalaaTfloa a ad otf aiaaqq^a iBbaJtd ol^aalq axiT •{BH^ lol
9aasft»id!aiif.t »?:.ibX i^uii itt ftOisHiNi ajcwaitaaoMMl • ^ialB^dc ta
lo i2c^jaiidoi;}^i Mcr* «ijii.ft»^ aMsMalid to aaoX oa J^AlToiq
•al^aXq adi
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S«l»otioa of tk« pX&stio smt&ri&Xi for ufl« in th««o
•3cp«riffi«iit« was nedSBBarily based on their worldjos j^ropartias
mnA aYailabilit/ aa walX aa thair optloal propertiea. Tlia
1 .
pXaatioa flimlXy aaleoted w9T* a laattiaorjrlata (Luoita) and
2
a poXjratjrrana » with rafraotivs indioas (in /elXow Xight) of
X«50 and X«$9 roapaotivalyi tna Xatter baine raXativeXy high
mmtm^ tha tranaperant pX&atioa* The luoita waa obt&inad in
tha form of a oompraaaion-moXdiz^ powdar, tha poXyatyrana
aa a natnofoar oaeting Xiquid, poX/aarlaad by hsating after
tha addition of a anaXX anount of aataXyat (bansoyX peroxide
with 6f aative oxygen) and an aaaaXarator (i&athyXene ehXorida).
Both thaae pXaatioa are nearXy tr&naparant in the visudX range
(H6}« with a tranamiaaion greater than 85^ in the eaiaaion
banda of ;^-Cd5(0u} and 2;n2BiO (Mn) (Figurea 3.2»X« 2).
The first experimenta ware Bade with the poXystyrane
easting Xiquid* The technique uaed for oanufeoturing diaoa
of any deairad phoaphor-pXastio proportion is a simple one
briefXy deaoribed as foXXowst
weigh into a gXaas moXd the desired amount of casting
Xiqttid and add one drop of oat&>Xyst for each 3 gri^mB of
pXaatia* atir TisorousXy with gXaas rod to distribute the
sataXyat* Add the deairad weight of phosphor by sprinkXing
!• *'Trensoptio** l^olding Powder, duehXer and Co.tLtd.t
Chiosgo. IXX«
2* '*?eXXowaast»^ FeXXowarafters, Ino»t Soston, Maas*
^ Id ^
•KWUmt ^pEgatgqir Iffur mi a»mAff \Xt«MNiliftn a^ infUKttliiB^j^
«i#ts AbIimH ttf b9m2mmtM/^ tl^lns IX jiHiii»i"'>iatiMa • as
iMtM«»« XipMMS) jriUi»^«o lii MMM I£«iifc • %« asltfftilPWt
• (tJ^X<xoXx<» •a»Xtiit«a} mn/mij^o^ luh ^B <a»BTKO #vk#i>e ^ iftflw
•SOM Xm»Xt ftifl al tnMifiMiT^ ^X^*ff •«• MltttaXit iiMt «ii6
aoX«tXtt6 %iU al ^% wuU tmHim^ mImLtjuiaii^ ii$ K^l? ifdirl
••vx^AX-toq •^^ Aflyit #ftaa •i*w a^oMiiv^q;!* #«xtl »ilf
',: aMXA Sft^iu>jr«0ljtMi«a vol 6«fti; ojupXniiod^ •d? .1^ ^l^aeo
•a* #iiVEiX« A si £ol4^«o^o«q olJ«aX^-itotf^M4q fr^'tltttd \flB t^
"X^s a«A«$ £ £L0A9 tdol jrfttX4ir«« to t««fi «cio Ate l>a« bltfplX
«.MJ,«oO i^« i«Xd«i« ««iftiPOKK aal&Xo^i "^dl^SEOM^^itY* •X
•XXI «ot|4MldO
•MM .fiO^Aefi «»«iil ,M*n«MMlXi^ **«^aMMXX»T" •&
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it oir«r th9 surfaoe ot tt« oastlag liquid cuid ^itlr until a
tt&lforA past* ia obtainad. Add 1 drop oT aooaXariutor pay
3 garamii of pXaatia aad atir analn to diatrilMta tha aoaal*
ai^tttar (a alightly largar proportion or aooaXarator sMijr ba
aaaaaaary foir jaixturaa with a pt^aaphor to pJUatlo waigJ^t
ratio of 2 or iii^liar)* Allow to ataati Tor about 10 lainutaa
at roott taoiparaturo, than plitoa in ovaa at 92^0 for about
X hour (lon^ar for lar^a phoapaor/plaatio ratioa). Cool
slowly to roott tamparatura* fi^a Aixtura oo&traota alightl/
ilpMi aoli^ifyinK ao that it oan raadiljr ha raoovad froa tha
mold*
Tha diaoa ao obtainad whan glaaa oultura diahaa vara
oaad aa atolda had a gloaay top aurfuoa* but tha bottom and
aidaa in oontaot with tha eM^i^ during fflolding had a dull
finiah which oould ba poliahad on a iMtalloeraphio ax>eoi<»
flian pollahiae whaal* Tha priaoipal dafaot of tha diaoa ao
praparad waa that tha phoaphor/pl&stio ratio was not unifom
through a oroaa^aaation. tha haavy sulflda powdar heTing a
oarkad tandanoy to aattle to tha bottoei of tha mold through
tha Tiaaoua liquid* This affaot Introduaad an unoartalnty
roitkrdiaft tha affeotiv* phosphor/plastio ratio at tha top
aad bottom aorfaoaa whan tha total liaht oatput vraa to ba
flkaaaurad in a aariaa of diaoa v^ith varying ovarall propor-
tion* of phosphor to plaatie* For this raa&on wa turned to
tha aa« of luoita moldii^s powdar ivith whioh it w&s found that
- Sd -




•\1 ••**-***% «» *•'' *••* «qPljrtXlA <X4»*I
•ie«<xi ilHimrfliiliii B flo 6»4riHtat vtf 5Xi;«o jlelrtw fftlait
MEOTxiiii ioja araw oU's? ol#9&Iq\toiiqsoiiq anj jaaj* saw
inS «^ BOW ?! lefn^' erf;^ fjtutlw Bmnefff^ aoJtiTod fexia
-itu^u'i^ XXti'i0Tu S^xi^Tiirr iUxv aosii» "..'
-r;
tmU haim\ 8.ivf 4-J^ x^otdw ;<criv ^ofitib^' JflftMtyn ^.ttcuJ: '^a ^^aiD »d^
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quit« hosos«n«ou« disod eaa b« iu4# at ratios l«ti tliaa 3*0
if suLffiaisnt Attention b« p«ld to tha fBlxicg ia tjb.« proe^dure
d«»orib«d b«low« T^is Yiirta* of tL« lueite powder wee ecm^
eidered to offeet tis« dleedT&ntiige of ite etieXIer iadez of
rcfr^'ction et leeat for tb« |)itrpe»se of determiaisig ^^* optl«
niA pki»8pbor/pI«etio retio* ae will be eeeu leter e poXy>»
•tyreae Aixtore produced the siost effleieat phosphor diee*
The luoite-pho8pi:ior aixrturee were iftolded tinder preeeure
supplied hY ft eanXl hydreulie press designed for enbeddias
iBetellogrsptiio ap^oitaens in plastic* The first phosphor
disss were asede in n 1** dieseter mold but for Tiauel obser-
TStioa s Isrger else was deslreble» sad a 1 7/16** aold was
3
used for ell the leter work* The aold consists of s eylin-
drlcel steel slecTe with wall designed to withstand 5000 Psit
oloaed St the bottom by e reaoreble steel plu^t and et the
top bjr e steel plunger through which the pressurs was applied*
A hole was drilled through the plunger to within 3/6 in* of
the &ottOGa,to receive a therao&eter* The bottom plug and the
plunger fit the sleeve with a tolerance of 0*001 inch to
prsTsnt appraeieble extrusion between tie laoving parts » and
all Inner surfaces of the mold were ground to a anooth finiah*
To heat the S70ld» a heeting jaoicet was laada consisting of a
cyliadrical aluMinua ahell with Inner diasHiter fitting the
Thie size was not chosen by design* but ms the disAeter
of an available flK>ld» previously uaed locally for another
purpose » which oould be modified for the present appli-
cation* It ia reeogniaed that larger discs would be
advantfigeoua*
t^ -
lo x^JboJ; ii^iistiw, tfl lo •aA^fiiKT^^^ iTia Qt JNnM#l«
<»«»ad« XmmlT <sol $tt6 5X0BI ift^MisiA *X a at mimm &9tm MtlA
if
]>•«» 1
«1«^ oe09 ]ba»4rexl5iv of Mn^ls*^ XXav as in tvMX* Xse^i Xi(|||i 1
•4;t «^4s^ ji,iAiu '8' oiua^ai^f^i»'
tti .i ftiw •! . liPlAM d^
lf» .Hi %\f i oi iftacarXcr »iS^ sl?ts««ilt fteX.tlifc bbw aXcul /
•Aj msA ^J'Si, ^- ?.g4<f?fiia^fgtf vs
1
o.} itttiil i 10 •oaa<x«XoJ » «i ».1v xoyu(i<x
Htm .£^fiTT r,fttTai::! e.!^ auanrft^ff m io««r8« ifi«T»ig
•iUxaxi a;FCca« M «4 imifffTiA ^^"^^^ * 4^|||||^« >9W^ ^*
•XX«« tiiMAiE^ Aif^ «ol ft«nilkKii Atf blaa^ AolOm ••IHMmf«
•d ]^Xi^9 ••«Xd lAevaX ^cuU /ie«lii»»o»x »X Jl <hSo1#so
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•t«el sl«eir« ot the mold IooA«Xjr« A ooiX ot alohrome wire*
l]»ittXfit«4 with a(i1^8toa« iraa wotma la^lde th« aheXX as tli«
iMMHtiia^ •laaant* vith tMa aqaiptaant^ tha following pro*
aadura ««« aaa<l in gibI^Ibis plioaplkor^plaatio dlaoai
Walsh tha daalrad aatiKiiita &t i^aai^or and plaatlo onto
walglilne papar* Mix thorougt^ly with apatola. Aftar oleanlag
all Ixiaar aurfaeaa of tl^a mold with aloohol or aoatona, pour
tba plaatla-ptioapnor olxtura Into e&old with bottoa plug In
plaaai and miM tn^skin In ti^a oold* Xtiaart pluiagar, plaoa
aaaa^blad mold In praaa and apply 100 pal to raoova alr«
o
Balaaaa praaaurai haat to 110 C* apply 3000 pal» haat to
o o
140 C» Cool rapidly to 90 C» foroa out plungar and plug
with ooeiplated pboephor dlao*
fbla p3*ooadura produoad ho^oganaoua phoaphor^plaatla
dlaoa wltli ratloa up to 3«0* /^t largar ratloa It waa dlffl*
ault to poravaat Innomoganaltlaa, and bayond 4*0 tha aurfaoaa
invariably ahowad loeal »T^m9 eontainii^ littla or no plaa*
%io ao that tiia phoaphor ima aaally ehippad oft* At ratioa
balow 1*5 tha aurfaoaa w«ra ordinarily amooth and vrall-*
polishad* In all» a^out 6$ dlaaa vara sada wltii this prooadura,
though only about naif of thaaa ware of valua in obtaining
th& raaulta of %bm n^xi aaotion*
4*3» ixiwritaanta w;ltn Pftoapfeor-Plaatio i^Oljcturaa^
(ai l^parlaantal ^quj|.pa»ffty
Tka point of departure for tha phoaphor*pl&atlo
4^^
al liiXf ae^^otf jiJiw MkCMi oial »iai9xi» itaitffaoKiq<»oiifi«i^ ^i^t
a^ #M4 ,jtiq QOOC tJCft* fiittl o^ J^a^d ,#«ii»«««« ••i*i»R
t»iur6««0«i| HtdS tiitff •ftiir' ««»* soa*^ 9h 9mnSm ^llm *I vwAtfilitq
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phor aX02i« wMoh vouia provide tiie gr^Mntast light yield on*
der ^ftaaw tAd l»«t« ex9it»ti«Ei« l^r tMs puxpo««» &M far
phosphor diao meesurameAte. equipse&t w&« arrenged to a»«*
flure tiitt brifj^^tnejss of i& piiosphor aoreftfi on oi»« surfiAOO ndiile
tie eaeitij;!^ mdii^tion «hi£ fipplied to tho opposite aorf^eo*
foXlowlAg tha proottdure uA^d lyr iCii^llJi6ja (K2i»
A Type 53X9 photot&ultlpXXer tut>e wna aounted in a
brass Xiftht shield with a oardboard {0,X3 g^on } Xi^t«*
tight top whloh was readily raeioTabXe for aaay aaoaaa to tha
eiid«»wlndow« The tube waa proteotad with & fBagaatia ahieXd»
and operated at 75 volta j^^^ii djmoda fSroai a atabiXisad iiaga*
tiTO high^voltaga aapply* ;;node ottrxeDt froei the 5^X9 tuba
was caaaured by a Haaksaia mioro-mioroaBmeter for ourreata
•7
up to 10 aiopereai and Of a Beta laiaroa^Kater for Xarear
ourrent a*
Tha atablXity of thla ayataft mia aueh that a refer*
anea purrent readings* eatabXiahed aarXy in the work, eonaiat*
Ins ^^ A reference phoaphor diao azeited by a a«all radltui
&ouroa pXeeed at & fixed diatanoa froja the phoaphor, ooaXd ba
repeat ad at wlXX within Xeas than k$ over a period of aevan
ivaalui* Provision ima ^lada for ndjuating the photo*iiultipXier
TOXtai^e to aofiapeniMite for ohangea in the referenoe reading
due to drift, line voXtage ohangea, eto«» out thia waa naoeaa*
ary on only two oocaaiona* Uxider theae oonditiona of photo*
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not iiotlo«ttbl«« Tli« arrftaft«aint d«sarlt>«4 wets tts«<l for aXl
pik00phQr lieJtkt output ci«£Sur«i3ont8 reportftd in this ehapter*
O(mriut»ioa of |>lioto*multipll«r ftcod* oiuMTAiit to en iipproa:i<»
flftt« flgur* for phosphor liriglitiMM In toat^-limhKetB «••
A»«OiM;»li»h«d by tl^« oaXilar&tloti pro««dur« d«ao7lb«<l ia Ap*
p«a^lx A«l«
(b) l^|;-ht TieXa of r^ospfifff fVw<^fft,
Th« phosplior po»dftr wfto pX^oad In a oyXlndTloaX
ftXuolnuia oaXX with thin sXaas bottom rastine cllr«otXjr on tlui
en^«»wln<low of the phototube. The inalde diai^ter of the oeXI
«B« X«406 iaohes, sXightXy Xe«8 than the miniJAttB epeoified
AiMMter (X»5 inches) of the photo-oathode, end oXoaeXy
laatohine the diafieter of the moat frequently uaed aize of
phoaphor-pXaatio diao8« X«436 inohea* (Care waa taken to
plaoe the oaXX and the diaaa la • eeaatant poaition on the
oathoda* and a X«5 inch naak on the andowindow ma uaed aa
a euide for thia purpoaa* Anodt •arrant reading ia not
crltioaX for rariationa in pXaaanant of laaa than 0*X inahaa*)
The phoaphor w^a irradiated by a XO tag, {BmS aetbm) radiutt
^mmm @ouroa (oaXibratad by the Bureau of Standards ) pXaaad
at 45 OB from the feoa of the o^thoda* Currant raaponae of
the phototube aa a funation of sourea diatiunoa foXXowed an
invaraa aquare Xaw at diatenoea greater th«n aoout 10 <»
from the phototubat honoo the gaiMa radi«itlon at the phoa-
phor waa aquivaXant to approaciia^uteXy
6«X X .M - • 40 fflr/ hr«
(45)2
«^d^—
mam « :tiuiiiMl«>to<il oi a««a#^l!ttf ^uliMiic Tot •«ii|Ut
M n^UMf MW MUM)) ••»tf»Ai dC4*X ftMli^ om<X^ lomiitq
t« kamu mam wabaJLw^ima ^4 tm taam daal ^^X a bm>4#iMlfMi
Jtm ftl aoll^Mii ismvtaa akamk ^aaa^tm ftlA# ^ot ablt):^ a
(«*»il9Si X*a 4NHbt «mX ic OtwwttXit at amlifa^art %at laaUl'aa
amlMant im^mm 8»S) ^9^ m a xa kaialbafgiX am wa^xiaaMi 9^
bmaini imkmabmate ta maaiui& adt ygt tetMtflXM) aa'wa^ amaa^
to aaa0^aa% $mamtf9 •o5<»<l;r»o aAi ta aaatt «ilt tm^xJ ma (4 ta
'I «Mi JfciiwiXXot #oaAt&X& aafoaiaa to ixolfonf^ d •« a^o^^ad^ aAi
ma OC tfwiis suwi«r i^^a^s^ maaaa^aib ja waI i»&m&ip« •««»vftl
ma^iii^ aii4 jr» iiolJ«li^«i iaw»» atiJ aaaad taiaioiaoq, axil fl»«t
Xl9taAttai%aa a^ taalavtvfia amt votff
•TTl \'m 04 " , ftt X X«8
7h« ligDt yloldi of two phosphor Mitsrifils aa a ftmo*
tion of tliiokii«»9 an4«r tli«a« oonditlDUft is shofwn In Figure
4«>-X« li^or Zn»Cdn(cu}, ths naxiMui /i«Xd is rsssbsd at 0*9
2
gi/on of phosphor* dsorsesiais sXowljr at graatar thioknasaas
due to gaaaa rajr absorption in tlia apyar la/ars of phospliQcr*
Tha ganaraX shapa of tha Zn^SiO. ourra is tha •ana, bat 6xm
to its muoh SBu^XXar affioianoy and tha opaoity of the ory*
staXs to tha ei&ittad Xieht. tha coaziaus Xieht yiaXd is Xaaa
than one*fifth that of tha suXfiAa and oaoura at ouoh anaXXar
thloknaas.
A sittlXar axparit3iant uaing beta-ray axoitation frosi a
8trontiuo^-90 sourea produoad the ourvas shown in Figura 4*3*2»
whara tha opaoity end aiaeXXer affioianoy of the orthoaiXioata
produoa affaots reXetira to tha aulfida sittdXar to thoaa
found undar gaaaa ezoittttion* Tha peak Xight yiaXd ooours
in Zn*CdS(Cu) at abcut 0*2 ^oaTm If to this is addad tha
abaorbar thioknaaa treyaraad by tha bataa before reaohing
tha phosphor (a total of 0«X6 gii^0K^}« it is seen thst th«
peak oorraaponds oXoseiy ivith tha 0,38 m/^ :niBe« of beta
partieXaa bsTlne ^^^ sTerage imergy (0*92 MeT) of the yttriiui*
90 batc^ sp'^otrua (KX, S3), ftar the ^n^BiO, » the aaxiaoR
Xight yield ooours at sasXXer thiokneas beoause of abaorption
of tha Xight anitted in the apper Xayera of phosphor*
•syond noting that the general shapea of the indlviduaX
oorYes are siolXar to those glTen by KeXXman under photon
and ohaagad-partiole ezoitation» it is diffloult to attempt
-•^Td -
MWi^ ni fRimxta » » ^"T > * fHwtir mmmdt "iiiiir
—imijiAiif t lo Aoitf
mtb Jug ,«uiyia a<u «l •tiu*« a^M^ •A4 lo •q[ail8 riiiMl iilf
miimm mtm ^ mvMmk bam mttltXtm ^f !• ^mu MUd^
a«t?fioo Mr^ \%xi Hamq fttft iwifJiloif Muuni %9tau imm\
asMftittai 9:sRxOTu uMi»9 4iii^ t^ ft#«nm^ ««iwi»titt im6'sm4M










Phospher Thickness (gm /cm^)
Figure 4.3-1 LIGHT YIELD AS A FUNCTION OF PHOSPHOR
THICKNESS. GAMMA EXCITATION.













to €t^w ©omp®rl»ona, «l!i«« th« mm0t eonatltutlcm sna fo»m
of th« phGi^pht>r «or««iui ftzid ttsm AmirM* of rftdietloii b« u—A
were aot raj^cartftd*
th» light yield a« it fuaetlon of phosphor tblolK;*
n%9B {gfik/im ) in «howa In flisura 4* 1*9 tf»t a sariaa of pho»»
phor«luolte dlsoa oontelnln^ Incraasiskg aoounts of ptiosptiov
bat wit2i a oonstant proportion of pHoaplior to liteita giir«ii
bf th« ifoi^it ratio H «* 2 Igram of phoax^or/sraAS of luoita}«
(Tha ligiit yialda plottad ara tha avaras^ raadinga of tha
two flat attrfiaoa«» to oonpanaata for araall inhoac^^aneltiaa*
The two r«ii<line»8 ordinarily dlffar by laaa than 7^,) At
amiill thiolcitaaaaa It ia aaan that tha light yiald parallala
thGt of tha plioaphor po«rdar alona, tihiah ia ra*dre«& hara
for ooapariami from ?igura 4*1-1» bat raaohaa a saxiflnui at
.boat 0.8 Wo*^, «„d 4.pUn« for tfr-t^^ thlolc»«., Thl.
daelina la intarpratad aa tha raault of inoraaaad loaa of
light aaiittad froai tha sidaa of tha diaa aa linaar thlok&aaa
of tha diao and haaoa araa of tha oylindrioal surfaoa izi'^
araaaaa, &st wall aa tha raault of iaaraasad obaorption of
light, pri^sary gaawtaa, t^nd aaoondary radlatioa by tha plaatiOo
(Tha raapaaaa of olaar luaita dlaaa to gaauMk radlutlon hua
baan maaeurad and ia of tiia ordar of 0,01 tl®aa that of tha
aa&a waight of phoaphor.
}
That tha ratio K » 2 aaad in tha aariaa of figure 4*3-3
* 9d -
iW'rJta a^lofjl o^ lodqaofi^ to aottiutqpxq, $a»tmm» a sL$iw 9u6
•AJ 10 taol^^^^ «a^^MV^ *^^ •^^ i»#^^aXq[ atXaJtx 9ii%il aifr)
ote^^lanasoMilisJt XXjubb icot a^ataaqKoa o^ ««aoBt'Uja ^iiXt ow^
^^ (.^ flUMf^ mbX td *i»ttlft \Xlf£0fslft^ asAli^Aav owl ajir
•Xi'iXitYa^ BXalx liia-l^X ad^ ^SiA$ itaaa al IX aaaaacslaXif^r XXa«i
•mill tamh^BX cl lioiifi? ^9tyiU,t ^afrwoo; ^oilqaoiiq ad# to imAi
tm mamhum a aadeaa^ fa6 ,X-C«J^ •^t^aX^ «oirt nosiis^isoo lot
•ijtS «aaaiu{aXxil ?»iaaigi itot aarlXeaft tua «^fleVm B»0 lijotfa
ta aaoX ibaaaa^i:»fU to IXiiaait axil as ftalaiqialnX aX aaXXaaft
aaaiolaXcCI ^miixXX «a oaXd adl to aaMa •di «olt j^allXfta Sd^H
-oX aeat^&a XaaXi^nXXxa adl to aa^ui ataaif £na aaXfi adl ic
to fl»ll9ioatfa d»aaai[aaX to #X^eei adl aa XXaw aa ,aaaaaiLe
•ailaaX^ adl t^ R^ts»tben \%aluioaaa fta^ «aaMUis t^uttX«i ildaXX
and flollul£»a^ fiRsi^H 01 aaaXA alXoiiX rtaaXo to aajto^aai^ aifT)
•di to ladl aaoXl X0«0 to «aMo adl to aX baa ftaoijaaoiQ bb^
(vvod^aod^ lo idaXaw aaaa
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Phosphor Thickness (gm /cm^)
Figure 4.3-3 LIGHT YIELD AS A FUNCTION OF Zn-CdS (Cu)




















Figure 4.3-4 LIGHT YIELD AS A FUNCTION OF PHOSPHOR/




i« belovf th« optiisiui 1® ahovm in figure 4«V49 «iittr« lli^t
jri«ld is plotted as n fuaotioa of plio^piior/pXA»tie ratio U
for two fi)«ria« of •uXridtt««lttoit« diaoa wl%h ooaiitant phospiior
tMoJciiftiisefSt showing that ti:io optimm. a^eitio appears to )»•
about 2,7$» for I*Q ea^om of phoiiplior» ajQd aOout 2,2^ for
0.5 f^fm^t Th« 0U7V0 for 1«0 @ia/oft phosplior iaolud«tt tho
no»t offioi«iit phosphor*luoito diaoa prop&rod to dftt#» but
it in mtmQxUi^ tluit tho Xiglit /iol4 froft tiio boat of tlioM
i& sli^MIy Imt not slgnifiodntly higbor tMa tho ttftxlAiitt
roaftii«d with tho phoaphor powder ttlons* fa aan aay only
th&t, at tlia optinoit ratio aud thioknaaa (H » 2*75 » tMok«*
naaa X.O ish/ob^) found to datot tlia additional light whloh
i« brought to th« surfstoa bf the luoite binder ie aeerly
offset by the other effeota Eoentioned above*
I\Xm ahowa ia Fi^are 4*1«'4 i« « curve for '^niO with
2
eohatnut phosphor thlokness 0*3 ca/o& • The maxiflUtt light
output at H » 0*75 is ebout UO% greeter than the mmximm
obtained fro« the phosphor alone es sKown in .^irure 4«1"»1«
At rii^tlos greater then 1*5 there is insuffioient luoite to
bind the ^ery fine phosphor po«vder together* In rie\^' cf tha
poor ^ffleieney of this c^terial aotapered to the sulfide, ao
further work with it was undertnlcea*
turxiiiig to the use of polystyrene » whieh has e^ largar
index of refri^oiioc th«i.n luoite » we have found k retaarkabla
iaproveigent over the parfor£^iioe or luoite » aa iadioeted \iy
the results ia fable 4* VI* ^tie teble gives the thiciiiiess
^a^l •^•if» «4*f •^^ otuf»lY Hi awoiia •! mmlsqp ^dt wol«tf si
•tf (»# ftlUNKq* Ol4«1l AMU^qO t^^ #Ali;» SfilwCMill « •••••lOlSixl^
M#iii l« «rastf siitf MDtt ijX»it ^xtjiiX sd^ i^ttiU x(i^«o«f»tfofi •! ifl
XXmi Xjm a«4» t> « tnoXn a»6ireq «ojt^MM(q sillt AStm ft^itOMV
lieXilw tutrix iBOOiSlbbm 9At «*;rtt£i o^ ftoset (^m»\wi 0*1 atM
XXVMa ai fbal6 aiiesiX #4^ t<^ •<i«l'zifa •d^ 9S Jiiaoontf al
••totfa bmaoinamn a^oalia %bA3o aiil x^ ^aatle
MtK ,Ol!l«fl£S tot arum a al 4«-f s^ 8«r;^tt nl amulM oaiA
«iiSl^ jBUiau^aa sa^ • a^W t»'^ attaAdOJt4« «tt49«»lit IsallC^a
aii^ itad^ ita^aaia j^ drxrooa al (t.O • H la lint^i^e
«X«X*i sTsml*^ al ovoite aa asdla «a£lfaeitf« Ml* im'SI: fta«la#tfa
al alxoju. iruaiell'iiiaiu ajt axadd ^.X itjiii;^ %»im&%^ aollai lA
•4# to walT fli •!c»dla8o;^ aaA«a« «o^aetf% anil \«aT aril Aoltf
Oil ^Bht^liiA aAS Q^ AaiaajBOO Xalfalaa alill lo Tonalo!^t^a lEMf
laiTKoX a aa4 itolxiir ,•« xXof to aau aiil ol lulfliirT
aiX4Fai3fi[aaiat a Iteuio*^ ai^/a^'l m* ^'^iJf.znl trnf^s isQliaanr^si to TMtal
1|tf talaoUtol aa «WXojiX to aAo^tfikizoivati a4«r ia«a jij^^^oToi^^^ ^.
mm-. adl aavls aXOat ailX .X^Cfi «Xaiai^ al alXyea? a4l
* ?2 *
Of ph&»]^oT aM 2Ni»tia of ]M«9iMMr to pX: otle for eocJti of throo
flioftphors mado of Zn^CCfiQ^) ^n& poIyaty7«a«i wltii tli«lr li^t
output ia t«reMi of ^noAm ourro&t frctm tl^a p>^<>^<>^^^t ua6ov
tiko iOMo doadltiosii uo«d foir ttio mooottroaiotits en tho luelto
Alxtur&a* (Although th««o portloul&r dlsoe wore 2 inohao in
dloAotort o 1 1/^ izio^ »;^a]r oror t:i« puoto«^oathc4o p«r£ilto
oooj^rioon *fi%h t&« Moaotiyooooto on the 1 7/16 Inoh dlsoo,)
It tfill be udted th&t the aoxlmift ligtkt fleM bore is ooro
thnii ^O;^ iprootex* tlmn tho l^st tm1u« oliti3ine4 with powdtroA
0T luoito-l>ound phosphi^r, oxkS that thla ooxIisua ooeura at a
phoaphor/plaatio ratio y%^y oloi^a %o the optUnw ratio fou94
for luolta iQuxturos*
AMOAo Currant (10* oAparoo)
FhoopHor Afid 1 1/Z Inch dianater our-
THioiaMM orarall Ratio faoo.
Ko> (^m/^M^) ?hQ3Phor/?laatio top faco bottom faoo
1 0.Z9 0.58 5.0 5»3
a 0.49 2.65 a«0 6.95
4 0.61 3«75 6*60 6*55
In tho oaoa of th% pol/stjrraoa dlaoa^ as agM&tloaad
praTloual:/^ a soafts of <$n4urine that tha phosphor ood pladtlo
reoalsa hoa«goa«ou4(l7 ja&Xzad In the finished pro<2uat has ;iot
yat been worked out. For t.lls reasoa, thi to-p eurfaoe of
- ^**






#c.^ mag »Mff<im ^mnuiiui.. mm
th« bottom iMlM ftratttXy anrleia^d In ^^Mph&r^ As « r«ftult»
It fflieJit b« aBtiolpfit«d that the brls^tttvaa raadixig of %hM
top surfaod would b« s2ibI1«i' than tli«t ot th« bottoia (fixoi*
tstion in eeoh oaA« b«lti£ diy<i«t«d sl% the opposite ft«#9 «•
usiu^Dt beeausA th« offeetive pho^pbor/pXaatle I'eitio at tlit
^ttoia is oXossr to ths optliauA rstio, sad ths rsadiags ooa-
firm this* la Ho« 2» ths siBsXXsr jproportlou of poX/styrsi^
prsvsated es Xsrgs s phospbar dsusity gradlsnt from bottom
to top as sbcnm by Bo* X» but t^« botton is dsfiniteXy rioh«t
la phosphor thsn %h» top» sAd it is ths top surfaos of Ko«
a whloh yields ttiia Xargsst brir^itaass rsadlo^v uadsr ths
standard sxeit&tlon (issffioa radiation, 40 mjf/hr) of alX ths
phosphors tastsd* Slnos ths ovaraXX ratio of phosphor to
pXastia im ths diss is Tsry sXoss to the optiizaim ratio found
for Xuoita tdxturss with ths saas phosphor (Figurs 4«>-*4
uppar ourrs), it foXXows that the effeotive ratio at ths
bottom surfaos is greater than the optiausiy while the effoo-»
tiva top ratio is Xsss than optii&UA* fhus the upper region
of this dlsot whsra the pho£$phor erystaXs are reXtttlveXy
ffiore widely apaoed, fuskes ita oontribution to the high sur*
faes brightness and alao psrtsits effieient transoission of
ths light genemted in the interior region of optlmm ratio
to the top surfaos I while the region near the bottom has ths
orystals too oXoseXy paoked to permit auoh effisisnt trans*
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phonphor to pXastio iMiia* timt it i« ia th« x^^^ion of R • 1
or h%h«r, m^f It© llglit jrldXfl is aliarpif b«lGf«r timt of
tbd optlmmB a ehari&ot«kri«tio showa b^ all tfare« eurT«a of
Figttr« 4«V4« Finally I iA»]^««tioa of diae No* 4(Ko» 3 is «
dlMii' pXddtio ooBtroX diiio) with an ovsrsU r^tlo muoli ]]iieMl^
t);^ttA tl4« optiwimt Bhuyw tlwt it JMis « dinuiity gmdisat tluit
is sttsXlsr th#fi that of l?o« 2» tout still psrssptibls. It is
th«r«rorft unllk«Ir tjUat tbs effsotivs r«tio of piiosplior to
pl&stio at tb« top ooald bs at or bslow optiAota, sad this is
borns oyt by ths brlghtnsss rssdings ss sbssou
fhs bsttar psrforftsaos of poX/st/raas ss s biodsr. ss
soapsrsd to laoita, mist bs aitributsd XsrgsXx If aot sa«*
tirsXy to its hi^hor i&dsx of rsfreotion, »ors olossXy
approaching thst of ths auXfids phosphor* Tha poXystTraos
itssXf cloas aot MSlca an appraoiabXa contribution to tha
light ylaXd of tha disss, as is shown t|r tha yiaXd of & trans«
psrsnt oontroX diss of poXyatyraaSf Miaufaotarad oonourraatXy
with Ho* *8 X eiid 2* This diss givas a rasponss undsr ths
standard ^^ms axoitfttioa only 0*0? tlmas tha reading of Ko*
1 which oontains a ooioparabXa amount of pXastio* (Thars
rssHiina tha ra&ota posslbiXity that tha poXyatyx^ana is ax*
sitad to Xuminasoanea by tha amission ape strum of tha phos*
phor*)
4*4* K^oofitfaaadatioRffl for Futurs W^ri^
Tik^ visubX radiation meter dsssribad in Chapter ? is
ssrtainXy rsaXi&abXa in its prasant form but is subjaot to
- 4V
to ,.£©«! t
m ml t mow \m oeift to nol^Mf:
fci •»-«•' t'iJii'j^u wujj.^'e "io /s {iij aji. ,
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iaproT«ai«&t in teoiii of its ooifiponcats. Tmthupn %h% m»ai%
lAport&nt uiio«rtalrtl«s in th« «athor*s oind %% p:r«s«iit»
80 far ao praotioftl d#sl|^ acmdidcratlons «r« oondarnetS, aiNi
the optiMim phonphor to my ai»t«s)e« und pliosphor «7tt«i« «ijid
th« AXtABt df possible ImproTex^ent to be i^eined 1^ Tlewlng
the two plioepliore throi3k|^ a Megaityine optical eyetesu Thm
mUkXimm preotloel bri^liitneee ttsm e slactare of phe»phox and
redlo«^otlire eouree a&terleXi a&d the irate of ^i^htneae de*
OOjr ^* ^ reealt of oontlnooue ohea^ed^pertiele bonMrdmeat
ilhould eXeo be detejp&l&ed* The pofislblXltj of deteetlag
other types of redietion with a tIsoaI lustrumeiitt end es«
peoielljr tisie detestloa or neutrons with plastie-plhMiylMr
disss deserire etteatioii.
Although the objeetive of the work mi phesphor^plsstlo
fidxtores t amm^lf to obteia »:ore useble Ilnht froa a girea
estouat of phosphor ineorporated ia snoh e mixture thea ooiiXd
he obteiaed with the seme laies of phosphor s&lone« hes heea
sttelaed to e degree whieh will be useful ia the rlsael redis-
tiea meter, there ere neay directions ia whloh further ead
probebly greeter iitprovereats oea be sooght, thorough
sesreh should be asde for more effleieat phosphors ead for
iMivltttble treasperent plsstlos ^Ith hii^er refraotiTe ia«
diees* la the ebseaoe of suoh plsstlos » experife^eats with
liquids of high index aiisht ladie&te whet oould be done If
eoopereble plasties or other <iOlid biaderis were eveilabXe.
$mm Mi# ftCMiwiY ^m$t»mnomm: t- sum ol
•tff «af^#a'^a X4j#i:4^<l StuiX^i^i^asB. ^.A^puta--! '""^imiiipr'X r-"^ t^. :-
ftiifi «»iijr:j/l rtoldw a I «fiOllo*-xl^ xfttn ii^i» •t»ii4 ,sft^»« Ml^
/*t?w «:f'_^'''-^:?'?*.'-:t« .se.^^s! -vfc rififm to ••a#ft<4(i tf^-t ff"^ •AiH^it
I
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ftm ladlrldu&X eurT«« of Figor** 4*VX threu^^ 4»3»4
d&n b« r^i^irdod «g pr&fll«fl of « th^«i»-41mejei9i(»Rel »urfao«
whioh isair b« r«pr«»«nt«i gpftpliiwilly if light yitld is plot*
ttd Elost th« ft**zi«9 •»£ th« ic« end jrHftx«« «x« aoal^d in
0tmm» p«r tquftr* o«ntifluitftr of plattie wnA plioaphor r«iip«o«
tiTsljr* Straight lin^B in th« x*»jr pl«iii«» pftssin^ tlit'otiKli
tli« orieitkt tb^n r«preft«nt lis«fi of ooii«t«nt pho&phor/pXaiatio
rutio* i?jrftt«iiatlc explorsttlon of sueli « aurfftOfi for a giTftft
pboiiptior-pX«ttiti6 sygt8si» plotting dontottro of oo&stattt light
fieXA^ might l«ft6 to ei fullor undttrstaBdiAg of the effeota
of fiixinc plc^Atio with phosphor*
•n* of -m.
mnii ^ir»*itj«ift "^-r ««f«rtf.^rtA 9sij|#ti»i^ «A»4«rxi» ff f fwa fn- tWlitiatKi
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In ord«r to eT&lo&tt tJti« tIsiiaI tffftot of th« Xlgiit
7l»X4 from pho»phOT» without subjeotlng tb« ezporlmiOiitttr
to uan^ootsarjT a^dlstioa dOMmut it b(ia&i:i« dosirai^Xo to
trftnaXeito tiie 5^X9 pHotomuXtipXler anode ourr«»at v^aponM%
to Xamln«oo«neo into a unit of tolehtnoaso lif maana of
aooosipXiahine thia la aa Indloatad in figora A*X->X» Tlia
phosphor ft axoitad by uXtra-rioXat light » waa Tiawad firat
lny two obaarrars uaing tha Low-Brlehtnaaa liatar» and than
W tha photonuXtlpXlar, aa phoaphor axoXtation naa Tarlad
by Intarpoalne Inaraaalng thioknaaaaa of U-V abaorbing
glaaa pXataa* Aa ahown In tha flga3ra« phosphor brlghtnaaa
and photoaaXtXpXler ourrant ara proportlonaX aa Intanaity
of azeltatlon Tariaa ovar a ran^^a of 200 tioaa the Xowaat
brllShtnaaa at whloh reXlabXe raadlnga eouXd ba sMtda with tha
Low^Brightnaaa Mater* Tha proportlonaXXty faott^ thus ob-
tained (X«5 X XO**^ foot«»Xttabarta par mioro-aqpare) appXiaat
of oouraaft onXy to tha partioaXer aaUaaion apaotrutt (that
of Zn«CdS(Cu} }ft aiza of phosphor (X 7/X6 in* )« and photo*
JBuXtlpXiar tuba uaad in tha oaXibration.
X« Tha appXioiition of tha abaorbar taohniqua to thia prob-
Xan waa auggaatad by Frofaaaor CXark aoodci&n*
«flltfto«tfi» T*U lo «»Mi#aaL9iid^ a'^ais^tofll ^ltoq««^iii T<f
,ft©liortr« f ©*tocra»-<i*iols3 lawr str*. .'if^t ^*CI :ff ?*X) b%nl
«ojroii^ oaa t( .£11 dX\? X) «Mi9Mha^ to aaX* «( •&'.% to
tMl'^i x>«ftato7^ ttf ^^aasivva anr a»X
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Phosphor brightness as a function
of number of absorbers in a filtered
ultra-violet light beam , measured by
the 5819 phototube and by two
observers using the Low-Brightness
Meter
Calibration (for IjJ" phosphor disc)-
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